F7) AADHA A B oA

OpenFOAMSE A x| 9 ALg Ww<&



KiST] 2arniszaea

i

Farnm ieniiie of Seieecn i

‘prrooR



‘I_ OpenFOAM% )\|7£|I-g|.7| X._'IO‘” ............................................................................ ‘I
‘I‘l OpenFOAM _/I\_jl.l ............................................................................................ ‘I
12 OpenFOAM% _?_l ?_I- _El_l-%l ?-:7:% ................................................................... 2

2. OpenFOAMgl |A='_-I il Elcl ?._7.(_ ............................................................................ 19
21 OpenFOAM gil .......................................................................................... 19
2.2. OpenFOAMP-I FZ QU gIEA J|E HWEHO e, 292

3. OpenFOAM appllcatlon and utllltles ............................................................. 27
3.1. ICoFoam CaVIty tutorlal .............................................................................. 27
32 il XI_'l i.“ _;IS"CI?’ I—I_I-_I?I_ _ﬁ_% 6H A_‘Il .................................................................... 42
32 OE:lXI_ EEJ- 6” A_‘II ................................................................................................... 59
3.2 CHAS S Gl Al e 70

4. XI_‘I ._?_i-l E_I Ut|||t|eS ............................................................................................... 77
4.1 . SnappyHexMesh ........................................................................................... 77
4.2. paraFoam ....................................................................................................... 90

Ii:ll-—T,—_E_?_-I ...................................................................................................................... 99



1. OpenFOAM=S A Z}H317] Z 9
1.1 OpenFOAM 47

OpenFOAM-2 Open Field Operation and Manipulation®] ¢FAF=, 1990d ] =%
=2 Imperial CollegedlA &S Al#eldth. OpenFOAMS dA&5A 938k HA4t
A 23 A4S % FejHeE]lE 20043 OpenCFD Ltd.olA v1.0&
GNU-GPL #to]d == g7l HArk x4l A=+ Wikki Ltd.e] Hrvoje
Jasak ¥FAFe} OpenCFD Ltd.¢] Henry Weller BFAF7} Q1T

OpenFOAM®] #}o]d 2~ dEjel GNU-GPL(General Public License, &%AH3]
74A4)& Linux$t 593 ghold 2~ FEl= source code?t &7iE o] 1o, o1t
T 9 A ETL Thssit) 23 A Eed = FU e GNU-GPLe] A-&Ht)h 4
A, ARG A ARgol Alcke]l glow, Jilelvt dAlel gk AR gtk AP L
2 AEStE A 7R} source code 8% Al HFEA] source codeE Al

g sho}

OpenFOAMS®] 71 & FH2 gholds Hlgo] wAsA &= Zlolth i
Ferm el MEeR /ds= A} & OpenFOAM LI5S HEom
M= 7] ol Aol H A3} a1 Abgol wwsirh. ek, s¥E AREARe] A
HlaA ke Aol A= FEje] At #A S SHCFD) L2 Aol 7hest
cAgo] weEp 5449 FERds 489 ¢ vk g 48 ZRaRE9

A& A SR OpenFOAME| Hlo|HE W7t OpenFOAMS] Hlo|HE &
TR FAoE WA= ZRIOFE0] JEE gl Z&ke] rhesit. T1F
= AREAE

°of AF AFHel & F vk OpenFOAME AEg-olrx AR & ==
porting(£%)3 4-+%= AR H o] vt AF 7]Fo] AgATE. L Graphic
User Interface(GUD7} o} Text User Interface(TUDZ o] Qo] Al&xfe] 2
T7F B 7 Utk OpenFOAMS] 7V & @& wisrdoly 7= Ad 4 o] of
aﬁr% Aottt ofA Iuffoll= AREA T Ao] FH G} XAE st o
otk =il OpenFOAMel tigh 7]&EAds TS 5 3= AlES
Www.nextfoam.co.krﬂr www.okuc.org”Z} )34 o]t}
OpenFOAM-2 CFD Z 23S 7|3l 7] 93 C++ gholBejglel 1 go]H gy
= 7iE Application(olZ g Alold) o= g w0l St} of Aol AL solverst
utility®2 A5 =4, solvere fF&allds 9t Z2aE on|st, utilitys 2
A e WS ol Zo3 RS ou| gt
OpenFOAM #holH &gl & o]-&ahd o}l zho] WEPejo] v 2As sl
A x2d & F Atk CFD ©o]&3 OpenFOAM<S Z ol3fslal e ARER= Al

T
+ solverE M2 w2 A7t 7Rer 4= QAW solverE 7HEE 4 AS wh

L OpenFOAM2 Lot zhgstr] wtol 252 ARE ddol ¢l
3t



OpenFOAME- olafjsl= d&= B2 A7t} ="Ho| &3t}

solve

(

i)

fvm: :ddt(rho, U)

. T . + fvm::div(phi, U)
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- 733 A E 9] VirtualBox A3
VirtualBox+ oF#] 193} o] https://www.virtualbox.org/wiki/Downloadse®l A4
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Ao += Windowsg VirtualBoxE 7]+=o 2 AH32)

VirtualBox

Download VirtualBox

Here, you will find links to VirtualBox binaries and its source code.

About VirtualBox binaries
Screenshots By downloading, you agree to the terms and conditions of the respective license.
Downloads + VirtualBox platform packages. The binaries are released under the terms of the GPL version 2.
Documentation = VirtualBox 4.3.12 for Windows hosts ' x86/amdé&4
= VirtualBox 4.2.12 for 0S8 X hosts = x86/amd&4
End-user docs = VirtualBox 4.3.12 for Linux hosts

: = VirtualBox 4.3.12 for Solaris hosts - amd&4
Technical docs

CoiablEs + VirtualBox 4.3.12 Oracle VM VirtualBox Extension Pack = All supported platforms
Support for USB 2.0 devices, VirtualBox RDP and PXE boot for Intel cards. See this chapter from the
Community User Manual for an introduction to this Extension Pack. The Extension Pack binaries are released

under the VirtualBox Personal Use and Evaluation License (PUEL).

Please install the extension pack with the same version as your installed version of VirtualBox!
If you are using VirtualBox 4.2.24, please download the extension pack = here.

If you are using VirtualBox 4.1.32, please download the extension pack = here.

If you are using VirtualBox 4.0.24, please download the extension pack = here.

* VirtualBox 4.3.12 Software Developer Kit (SDK) ~ All platforms

See the changelog for what has changed.
‘You might want to compare the
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Welcome to the Oracle VM
VirtualBox 4.3.12 Setup
Wizard

The Setup Wizard will install Orade VM VirtualBox 4.3.12 on
your computer, Click Next to continue or Cancel to exit the

Setup Wizard,
Version 43,12 Cancel I
& Oracle VM VirtualBox 4.3,12 Setup I 8 o 53 |
Oracle VM VirtualBox 4.3.12

Please wait while the Setup Wizard installs Grade VM YirtualBox 4.3.12. This may
take several minutes.
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Oracle VM VirtualBox 4.3.12
installation is complete.

Click the Finish button to et the Setup Wizard,
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ubuntu®

Ubuntu 12.04 .4 LTS (Precise Pangolin)

Select an image

Ubuntu is distributed on five types of images described below.

Desktop CD

The desktop cd allows you to fry Ubuntu without changing your computer at all, and at your option to install it permanently later. This type of cd is what most people will wantto use. You will need atleast 384MiB of

RAN to install from this cd.
Thers are two images available, each for a different type of computer
PC (intel x86) desktap CD
For aimastall PCs_ This Includes most machines with Intel/AMD/etc type processors and almost all computers that run Microscoft Windows, as well as newer Apple Macintosh systems bassd on Intel

processors. Choose this ifyou are at all unsure
64-bit PC (AMD&4) desktop CD

Chaose this to take full advantage of computers based on the AMDE4 or EM64T architecture (e.g., Athlonfi4, Opteron, EMBAT Xeon, Core 2). If you have a non-64-bit processor made by AMD, or if you need full

support for 32-bit code, use the Intel xB6 images instead.

Server install CD
The server install cd allaws you to install Ubuntu permanently on a computer for use as a server. it will notinstall a graphical user interface.
There are twa images available, each for a different type of computer.
PC (Intel x86) server install CD
For almest all PCs. This includes most machines with Intel/AMD/etc type processors and almost all computers that run Microseft Windows, as well as newer Apple Macintosh systems based on Intel

nroressors Chonse this if i are &t all instre:
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¢} ‘Install Ubuntu'& A&l 3k},

Install

Welcome

Asturianu
Bahasa Indonesia
Bosanski

Catala

Ceitina

Dansk

Deutsch

Eesti

Espanol | Try Ubuntu | |Install Ubuntu|

Esperanto

Eickerd Youicaintry Ublinkiwithout making any changes toyour compiter, directly
Francals from this CD.
Gaeilge
Galego Or if you're ready, you can install Ubuntu alongside (or instead of) your
. current operating system. This shouldn't take too long.
Hrvatski
Islenska
Ialiana You may wish to read the release notes.

Install

Preparing to install Ubuntu

For best results, please ensure that this computer:

7 has at least 4.7 GB available drive space
is plugged into a power source

is connected to the Internet

& Download updates while installing

Ubuntu uses third-party software to display Flash, MP3 and other media, and to work with some wireless
hardware. Some of this software is closed-source. The software is subject to the license terms included
withthe software’s documentation.

& Install this third-party software
Fluendo MP3 plugin includes MPEG Layer-3 audio decoding technology licensed fram Fraunhofer IS and Technicolor SA

Quit || Back || Continue

Update$} third-party AX|= A 83X grol FHt},

Erase disk and install Ubuntu

Selict drive: | 5C513(0/0,9) (1] - 12.9 GBATA VBOX HARDOISK

The ectire disk willbe usect

install How




Where are you?

gack Cortinue

E 5 E o) B

Install

Keyboard layout

choose your keyboard layout:
Enalish (Ghana)

english (Nigeria) English (US) - Cherokee

English {South Africa) English (US) - English (Colemak)

English (UK) English (US) - English (Dvorak alternative internation|
I English (US) - English (Dvorak international with dea

Esperanto English (US) - English (Dvorak)

Estonian English (US) - English (Macintash)

Faroese English (US) - English (US, alternative international)

Filipino English (US) - English (US, international with dead key,

Type here to test your keyboard

| Detect Keyboard Layout

Back || Continue |

» Copying files

422 AS Iy

EEERRIE

Install

Who

Your name: | NEXT
Your computer's name: |nextFoam | &
The name it uses when it talks to other computers.
Pick a username: | next
Choose a password:

Confirm your password:

Loginautomatically

@ Require my password to login
| Encrypt my home folder

_10_
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R

tnstall

Find even more software

T burts Softwars Ceae s
Frowspplc iy P
575 what you want

e edutaton s esss to
whlead e stull anare reiteas to
ihive oot saperiences

s |
=0
o=

= P oy

Installation type

Thie

Erase dlsk and install Ubunt
. Warsning: Tha wil detete ar
Lhing o
ol a5
ki

éamputer currently has no detectad Operating sysTems. Wit wauld you like ts da?

it Back Continve

Install

Any questions?

Installation Complete

0 installation s complete: Youreed ta restart the computer inorder to use the
new mstallation

_11_
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Ubuntu 12.

04
ended within 2

2 down. ..

E ZEHIHE ~.
I~ 201 Co/DVD [3

w=s ad 2 EI
el -3} o] o] A]

7 A

NEXT

[Password e

Guest Session

Z&! 0I0IA
370t 733,00 MB
Cen szE

%]

I DAubuntu-12,04,47

04 0123 LK

Ubunty 12,04 £AAE

32 SR
2 AASD ARYS QA ok 1FI go] SEF

© ESen ) 1023AM O

AX] A a0 29l = ofel e slwoe] yephd
th ss = EYE Y AR s ERT stol S Aot

7HEEA o] S A=+ VirtualBox o] AIZESAS AX st /WAdET. A st
HEE A stHe] T shol nh-28 T A HolA ARESHLAAE =
gstd 25 stdHe AAE Zolie ol A "ok ‘Run’S ¥t AAA
terminal(E17] @)} BT E BolR Fo] A Hu)
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7] &A= root(E
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rr

& 1 @) 1025AM L NeT 8

£ DY, 27, BH, S8,  ubunul20d (2922 o B &

¢ &ty @) 1025AM 2 NEXT &

@® Copv =H
use 3H

¢ Bty @) 1026AM 2 NEXT %

VBOXADDITIONS_4.3.12_93733

This medium contains software intended to be automatically
started. Would you like to run it?

the medium
Youshould never run software that you don't trust.

.4.3.12_93733"
IF in doubt, press Cancel.

HA_Q_E.E i
AT E AT ESO] HA Al
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Authenticate o & 13 @) 1026AM 2 NEXT %

) Authenticate

Authentication is needed to run /bin/sh' as the super user

Anapplication s attempting to perform an action that requires privileges.
Authentication s required to perform this action.

password: [

cancel Authenticate

VBOXADDITIONS.4.3.12_93733

Devices < © VBOXADDITIONS 43.12.93733
VBOXA... &

Computer

i Home 4 -

=i e wd e
i) Documents 3261 64Bit cert

i Downloads

& Music by

i@ videos
= File system
© Trash

This medium contains software intended to be automatically
started. Would you like to run it?

‘The software will run directly from the medium "VBOXADDITIONS_4.3.12_93733"
Network You should never run software that you don't tru

i@ Browse Net. Ifin doubt, press Cancel.

Cancel |

Run
)

_14_



Authenticate

B

10:31AM £ NEXT £

© Authenticate

Authentication is needed to run /bin/sh' as the super user

Anapplication s attempting to perform an action that requires privileges.
Authentication s required to perform this action.

password: ([

Authenticate

Autorun Prompt

e 1034AM & NEXT OF
©S® VirtualBox Guest Additions installation

VirtualBox Guest Additions installe

Removing installed version 4.3.12 of VirtualBox Guest Additions.

|copying additional installer modules ...

Installing additional modules ..

Removing existing VirtualBox non-DKMS kernel modules

Butlding the VirtualBox Gu

.done.
est Additions kernel modules
The headers fi

re not found. If the following
module compilation fails then this could be the reason.

Building the main Guest Additions module .
Building the shared folder support module
uilding the OpenGL support module ...done.

Doing non-kernel setup of the Guest Additions ...done.

You should restart your guest to make sure the new modules are actually used

Installing the window Systen drivers
Installing X.0rg Server 1.14 modules ...done.

setting up the Window System to use the Guest Additions
You may need to restart the hal service and the Window

. .done.
the guest system) to enable the Guest Additions.

tem (or just restart

talling graphics libraries and desktop services components ...done.
Return to close this window..

ES 1 4) 5:14PM 2 NextFOAM F

VBOXADDITIONS_4.3.12_93733

_15_
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)

® | ® terminal
\¥ lii Applications

- J )
— —

Terminal UXTerm

0

BD

5
£
T
Z

obg] 283 o] Elmdel ‘sudo apt-get install nabi'E YHstd HUHITE
dHstets wWAIA 7 Hujdel Yehdd, gHujde] HEHEE dHete HASeE B
]

e $lete] Fwol ol EAE e itk wEus

=)
Mz g & Hx9 ‘System setting'S =Y 3} ‘Language Support' & 33}
W oolge} Ho] AojE MEs 4 = Fo] A Hu of 7| A ‘nabi’E A EgH
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a=TIERIRE
gsettings

Terminal

F nextfoam@N
L

(C g

nextfoam @NEXT-FOA

Terminal

® .

-

nextfoam@NEXT-FOAM: ~
) nextfoan@NEXT-FOAM:~$ sudo apt-get install nabi
| |[sudo] password for nextfoam:
|Reading package lists... Done
uilding dependency tre
Reading state information ne
The following extra packages will be installed:
libhangul-data libhangul1
suggested packages:
inhangul
The following NEW packages will be installed:
Libhangul-data libhangul1 nabi

sudo apt-get install nabil

initrd.

img vmlinuz

"home" selected (containing 1 item)

= 14

2 search

o upgraded, 3 newly installed, 6 to remove and 182 not upgraded.

Need to get 2,944 k8 of archives.

 |after this operation, 7,912 kB of additional disk space
Do you want to continue [Y/n]? y

Get:1 http://kr.archive.ubuntu.con/ubuntu/ precise/main
1 [2,418 kB]

Get:2 http://kr.archive.ubuntu.con/ubuntu/ precise/main
[27.9 kB]
Get:3 http://kr.archive.ubuntu.con/ubuntu/ precise/main

8 k8]
83% [3 nabl o B/498 kB 0%]

var

“home" selected (containing 1 item)

Language Support

Language Support

Language | Regional Formats

Language for menus and windows:
English (United States)
English

Drag languages to arrange them in order of preference.
Changes take effect next time you log in.

ApplySystem-wide
Use the same language choices for startup and the logn screen

Install / Remove Languages.

Keyboard input method system: | none
ibus

logtk

"home" selec th-gtk  hing 1item)

set

LA
jitrd.img

WL be used
Libhangul-data all 6.1.9)
1ibhangul1 and64 ©.1.6-1

nabi ands4 0.99.10-1 [49)

=]
initrd.img

2 search
i1l be used.
jibhangul-data all 0.1.9
bhangul1 amd64 ©.1.0-1
hbt ande4 6.99.

1 [49

1y installed.)
all.deb) .

Fb) ...

Z]
vmlinuz

Hlrz g

DAE @

=1 .

5:19PM 8 NextrOAM TF

523PM 2 NextFOAM £

DAE @

RS
ET?)\

= o

5

com.canonicl.Unity.Panel

A7l 2 d

o]

systray—-whitelist

"['JavaEmbeddedFrame', 'Wine', 'scp—dbus-service', 'Update-notifier', 'Nabi']"
g 5 ARgs A

[e)

o]
H
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Terminal

5:59PM 2 NextFOAM
@ Dubeolsik Hanja Lock

nextfoam@NEXT-FOAM: ~
get con.canonical.Unity.Panel systray-whitelist
Updat
et

k pdate-notifier
Inextfoan@NEXT- FOAl

L B W 1, 4) 1:42PM 2 NextFOAM I

& Desktop B
2 Documents =
Documents Downloads
ita Downloads
& Music

@ pictres i "2 [~

@ Videos Pictures Public Templates

OpenFOAM

Examples
= Filesystem

© Trash
Network

& Browse Net.

@ Copvo EA

Loghtech USE Optical Mouse [3300]
Fingerprint Sensor [1703]

AFE el USBE ol8ate 49 ofdl 19 o

o] VirtualBoxoll Al USBE A # s}
H USBY] &S SEFA 244 98 5 9

A |

extFOAM %
c8AD-caas
¥ 508 Filesystem
Computer
i Home

& Desktop
i Documents

nextFOAM.txt

i&d Downloads
& Music
i pictures
i@ videos
= File system
© mash
Network

6 Browse Net...
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2. OpenFOAM®e] AXx % F+%

2.1 OpenFOAM A X
Q-BEQ OpenFOAMS ‘http://www.openfoam.org/download/ubuntu.php’ | A T}
+ Wy AA T g Q. B oy del A AF&sE OpenFOAMS] ¥ -2 2.3.09]
=3

OpenVFOAM The open source CFD toolbox CJi

Our commitment to the users

I apen source product.

OpenVFOAM The OpenFOAM Foundation

Home | Features Download | Documsniation Licensing | Cods Development | OpenFOAM.com
Ubuntu Deb Pack Installation

Ubuntu Versions

Installation

o Assa OpenCFD Lﬂ ojAlell vt = WHolE AtHE Hujdel ¢

Brd

23l OpenFOAMS A= & 4= it} oo WHo]E J=H3H OpenFOAME]
AA A AAE HFEHA AstA Gt -2 Yste] ‘TAY, ‘BAAYIVE &
UARE, B2 BudoA = e T8 WHoRE Agsir|E sttt HAF 3 9AE
5 Egast & 2o 95 gHulgolA mhg-2~ EHES ZEstd =yas 9AE
7F = ET gHuldo] olyol® AWES o] &3t 9AE HAL= Jhesit)

VERS=$(sb_release -cs)
sudo sh —c "echo deb http://www.openfoam.org/download/ubuntu $VERS main >

/etc/apt/sources.list.d/openfoam.list"
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earch Terminal Help

1033AM 2 NextFOAM &
nextfoam@NEXT-FOAM: ~

$ VERS=S(lsb_release -cs
=51 sudo/ah o ecli dsB EEnt/ /ey, aneronn. org/download/ubun
> [etc/apt/sources.list.d/openfoan.1ist" sudo sh -c "echo deb http
foon, openton argfdbunload/GUrtl SVERS RaLe = /<E< aRE eources T vatsdfopentan
s

] passmarel For! nextroan:
nextfoam@NEXT-FoAM:~$ |

vc|8- Qv s & #

ing e apt package managementtool. The user will need to provide
e fllowing commands with sudo

apt 1 search,
> Accessories -> Terninal)

[Ubuntu distibuton (e.g. raring) under $VERS, which is used Inline 2.
given system

2. Update the apt. package lstto account for the new downiaad reposiory location
sudo apt-get update

3. Install OpenFOAM (230 In the name refers o version 2.3, 0):
sudo apt-get install openfoan23

4. Install Paraview (410 In the name refers o version 4.1, 0}
sudo apt-get install paraviewopenfoandlo

OpenFOAN-2 in tne /opt

olgfle] WHEHAE YHs
=z ¢] ‘update manager'® U|olE & ¢ it}

sudo apt—get update

¢
o
o
N
=
o

10:34AM & NextFOAM {if

s
~$ sudo apt-get update
://kr.archive.ubuntu.con precise Release.gpg
http://kr.archive.ubuntu.con precise-updates Release.gpg [198 B]
Jkr.archive.ubuntu.com precise-backports Release.gpg [198 B]
it http://kr.archive.ubuntu.con precise Release
t:3 http://kr.archive.ubuntu.con precise-updates Release [49.6 k
{cet:4 http://kr.archive.ubuntu.con precise- baukports Release [49.6 k8]
‘H\t http://kr.archive.ubuntu.con precise/main
| lnit http://kr.archive.ubuntu.com precise/restricted Sources
it http://kr.archive.ubuntu precise/universe Sources Lcl[@-
J/kr .archive.ubuntu.com precise/multiverse Sources
//kr.archive.ubuntu.con precise/main ands4 Packages
//kr.archive.ubuntu.con precise/restricted ands4 Packages — —
|Hit http://kr.archive.ubuntu.con precise/universe andsa Packages ‘Emm’:f::ifmfw:iu::""“‘ s P
Hit http://kr.archive.ubuntu.com precise/multiverse ands4 Packages
on precise/main 1386 Packages
_archive.ubuntu.com precise/restricted 1386 Pack ages
.archive.ubuntu.con precise/universe 1386 Packag
archive.ubuntu breciac/multiverse 1386 Fackages
Hit http://kr.archive.ubuntu.com precise/main TranslationIndex fintu $VERS main > /etc/apt/sources. list. d/openfoan. list"
) it http://kr.archive.ubuntu.com precise/multiverse TranslationIndex — —————— =
r.archive.ubuntu.com precise/restricted TranslationIndex biun sibuton (e, i) rder $YERS, whh s sed s 2
106% [Connecting to security.ubuntu.con] [Connecting to extras.ubuntu.con] [Con NSNS

apt 1 search,
|-> accessories -> Terminal)

2. Update the apt. package lstto account for the new downioad reposiory location

3. Install OpenFOAM (230 In the name refers to version 2.3, 0):
sudo apt-get install openfoan220

4. Install Paraview (410 In the name refers o version 4,10}
sudo apt-get install paraviewopenfoandlo

OpenFOAN-2 in tne /opt

obe] v} o] ofdle] @Hol
sudo apt—get install openfoam230

1051AM L NextFOAM 5

nextfoam@NEXT-FOAM: ~

Get:58 http://kr.archive.ubuntu.con precise-updates/main Translation-en [360 k8]
Ign http://extras.ubuntu.com precise/main Translation-en

Ign http://www.openfoan.org precise/main Translation-en

Hit http: //kr.archive.ubuntu.con precise-updates/nultiverse Translation-en

Lt http://kr .archive,ubuntu.con precise-updates/restricted Translation-en
‘Get'sg http://kr.archive.ubuntu.com precise-updates/universe Translation-en [142)

Hit http://kr.archive.ubuntu.con precise-backports/main Translation-en
1 //kr .archive.ubuntu.con precise-backports/multiverse Translation-en
| lnit http://kr.archive.ubuntu.com precise-backports/restricted Translation-en
Hit http://kr.archive.ubuntu.com precise-backports/universe Translation-en
//qe:uru/ ubun!u.(cm precise-security/multiverse Translation-en
ntu.con prsr‘\se—se(urity/rs;trictsd Translation-en
ecise-security/universe Translation-en [57.8

using the apt package managementtool. The user will need fo provide

$ sudo apt-get install openfoam230 ing the following commands wih sudo

[sudo] password for nextfoam
¥ [Reading package lists... Done el R s
) Building dependency tree 9 )

Reading state information... Done

/ubuntu SVERS nain > /etc/apt/sources, list, d/openfoan, list"

Note 1: Line 1 stores the version name of your raring) under $VERS, 2
Note 2: This only needs to be done once for a given system

2. Update the 3pt package listio account for he new download repository location

sudo apt-get update

3. Install OpenFOAM (230 n the name refers fo version 2. 3.0

4 Install Paraview (410 In the name refers o version 4.1.0)

sudo apt-get install paraviewopenfoandlo

Ca——ry
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OpenFOAM A= % olgfe] WuHols <dHsbd AbZAz 7iA|glo] H Q3
paraview(32HH)E A= 4= Qo)

sudo apt—get install paraviewopenfoam410

B &% Ty €) 10:59AM 2 NextFOAM

nextfoam@NEXT-FOAM: ~
. /opt/openfoan230/etc/bashrc
** To your ~/.bashrc

Processing triggers for libc-bin
ldconfig deferred processing now taking place
nextfoam@NEXT-FOAM:~$ sudo apt-get install paraviewopenfoam416
rRm) Reading package lists.
| [Building dependency tree
Reading state information... Done
The following packages were automatically installed and are no longer required
libwayland 1ltss-server® libxrandr-ltss2 libwayland-ltss-client® libllvm3.3
Use 'apt-get autoremove' to remove them
The following extra packages will be installed:

J| ata-designer qta-dev-tools qta-d
suggested packages:
qta-doc-html using the apt package managementtool. The user will need to provide

w The following NEW packages will be installed: ing the following commands with sudo
L || paraviewopenfoandie qtd-designer qtd-dev-tools qtd-doc
I |0 upgraded, 4 newly installed, 6 to remove and 0 not upgraded.

) [Need to get 175 MB of archives.
‘ |after this operation, 392 M8 of additional disk space will be used.
J [oo you want to continue [¥/n]? y /ubuntu $VERS main > fetc/apt/sources, list, d/openfoan, list"

: apt tosearcn
ns > Accessories - Terwinal) ‘

Note 1: Line 1 name at your raring) under $VERS, 2
Note 2: This only needs to be done once for a given system

2. Update the apt package list o account for the new download repository location

sudo apt-get update

3. Install OpenFOAM (230 n the name refers fo version 2. 3. 0)

sudo apt-get install openfoan230

4. nstall Paraview (410 In the name refers 0 version 4.1.0)

g7 A

T

2
.bashrc¢’ L& geditd}= X230 g d

gedit ~/.bashrc

ES Ty 4) 11:05AM 2 NextFOAM
nextfoam@NEXT-FOAM: ~ -
Unpacking qt4-designer (from .../qt4-designer_4%3a4.8.1-6ubuntud.8_andod.deb) ..

Selecting previously unselected package qtd-doc

|{unpacking qta-doc (from .../qt4-doc_4%3a4.8.1-oubuntud.8_all.deb)

|Processing triggers for man-db

|Processing triggers for desktop-file-utils .

|Processing triggers for banfdaemon

|rebuttding /usr/shaye/appumuom/bamf tndex. ..

‘Pra(ess\ng triggers for gnom

Cetting up qta-dev-tools (4:4.8.1:6ubinEus

| lupdate-atternatives: using /usr/bin/assistant-qt4 to provide /usr/bin/assistant
(assistant) in auto mode.

update-alternatives: using /usr/bin/linguist-qt4 to provide /usr/bin/linguist (1
inguist) in auto mode.

setting up paraviewopenfoand1o (0-1) ..

[setting up qta-designer (4:4.8.1-6ubuntud.s) .

update-atternatives: ustng /usr/b\m’de;lgr\er qté to provide /usr/bin/designer (d|
lesigner) in auto mode.

w‘vett\r\q up qtd-doc (4:4.8.1-6ubuntud.s) ..

| Processing triggers for libc-bin

[tdconfig deferred processing now taking place
Mneufeam@NE‘"'FON al || echo error)" "$(history|
nextfoam@NEXT-FOAM:~$ gedit ~/.bashrc

o the dot)

# Alias definitions.
# You may want to put all your additlons into a separate file like
# -/.bash_aliases, instead of adding them here directly

# see Jusr/share/doc/bash-doc/exanples in the bash-doc package M parege. Eworkind
if [ -f ~/.bash_altases I; then

. ~/.bash_altases

i

# enable progranmable completion features (you don't need to enable [epatron et
# this, if it's already enabled in /etc/bash.bashrc and /etc/profile

# sources /etc/bash.bashrc) fogs e baahre
if [ -f /etc/bash_completion ] && ! shopt -oq posix; then

. Jetc/bash_conpletion

Plain Text + Tab Width: 8 ~ Ln1,Col 1
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TextE: File Edit View Search Tools Documents Help ES 1) 4) 11:05AM 2 NextFOAM

@ Unpacking qt4-designer (from .../qt4-designer_4%3a4.8.1-6ubuntud.8_and64.deb) ..

selecting previously unselected package qt4-doc.
|unpacking qta-doc (from .../qtd-doc_d%3a4.8.1-6ubuntud.8_all.deb) ...
J [Processing triggers for man-db ...
|Processing triggers for desktop-file-utils
', [processing triggers for banfdaenon ...
[Rebuilding /usr/share/applications/banf.index. . .
) [Processing trig @
up qta-
i

L 21125 alert="notify-send --urgency=low -i “S([ $? = 6 ] && ec
ni|sed -e '\''s/A\s*[0-9]\+\s*//;s/[;&|]\s*alerts//'\""

terminal || echo error)” "S(history|

 [setting up qta-
JSASSRRRRE)  A1ias definttions.

: La
AEIRSPIRTE ¢+ vou nay want to put all your additions into a separate file like 0,
YRR EGANEAR # ~/ .bash_aliases, instead of adding then here directly
‘ \ﬁextfuxm@NExT* # See Jusr/share/doc/bash-doc/exanples in the bash-doc package.
3 £ -/.bash_aliases 1; then
/.bash_altases
ge. s working
# enable progrannable completion features (you don't need to enable
# this, if it's already enabled in /etc/bash.bashrc and /etc/profile
# sources /etc/bash.bashrc).
Lf [ -f [etc/bash_completion ] && ! shopt -oq posix; then
Jetc/bash_conpletion
e oA, then the
source /opt/openfoan236/etc/bashrd| e Hashre

PlainText - TabWidth: 8+  Ln109,Col35  INS

Getting Started

Mz AR 84S A= B 48
°F @t OpenFOAMe] Aoz HAH9) 2
OpenFOAM ofZelAlold s APARS o 293t go] yehpd JFeom 44

Aol

fr 4
N
2
M
K-
=
i
i)
=
8
o
e
2

icoFoam —help

Terminal B ®® 1ty 4) 11:06AM 2 NextFOAM
©®© nextfoam@NEXT-FOAM: ~ N
@ nextfoam@NEXT-FOAM: ~$ icoFoam -help

Usage: icoFoam [OPTIONS]
loptions
-case <dir> specify alternate case directory, default is the cwd
-noFunctionObjects
do not execute functionObjects
-parallel run in parallel
-roots <(dir1 .. dirN)
slave root directories for distributed running
-srepoc display source code in browser
-doc display application documentation in browser
~help print the usage

Build: 2.3.-fs5222ca

Inextfoam@NEXT-FoAM:~$ [l
complete the following

Jrectory in an editor. e g. by typing in  terminal window (note te dot)

e (s2& Note 1) and save the fle

source /opt/openfoan230/etc/bashrc

3 appiication, fom the Op package, is working
by typing

icoFoan -help

4. AUsage” a

Note 1 Ifa smiar ne has alreacy besn added 1 he user's .bashre fle, &g, ora previous version of OpenFOAM, hen the
teman ted outby # atthe tine.
Note 2: icaFoen Inth bashre
e by ping at e terminal prompt (note the dois): source SHOUE/ . bashre

Getting Started

2.2 OpenFOAMSY] 7z ¥ Fx 2 7|8 BHH

A% OpenFOAM-> “/opt/openfoam230”°] X ¥ o]t} OpenFOAM ko]
A A A o] C++ gholB Y e]el vhgdl application® = ¥ o] Ut
C++ glolBegle] A~ =+ “/opt/openfoam230/src”oll A7g=]o] lom C++
gholB gy 2 2+ 5t i application®] AXrFIEE
“/opt/openfoam230/applications” @] A& %o] It} Tutorial ZYol+= XEF
applicatione ©|-&3t= oAl=0] A% Ho Ut
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Computer
sl Home
& Desktop

‘ i Documents

&3 Downloads

s & Music

o wd

= e C toss
| ® File System

& Trash

[

Network

i Home
& Desktop
i Documents
@ Downloads
i Music

@ pictures
i@videos

= File system
@ trash

=]

lost+found

~ |

run

wd

usr

Computer

openfoam230

@ Browse Net.

Computer
i Home

 Desktop
= bin boot
3 Downloads
iy Music &
s Pictures J‘ ~
. lib64
i@ Videos !
B File System .
S Tash el
root

Network

E

@ Browse Net...

| &

Computer
i Home
& Desktop
i Documents
&l Downloads
i Music
i pictures
i@ videos
~ File system
@ trash
Netwark

i@ Browse Net..

OpenFOAMO A A&

g 5o] 9dom solverd

g

cdrom
lost+found
run

e

usr

D

etc

0

selinux

(i

var initrd.img

paraviewopenfoam
410

etc

selinux

-

var initrd.img
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VBoxGuestAddition
54312

L E B

initrd.i

“opt*

“opt*

11:21

e
img.old

selected (containing 3 items)

selected (containing 3 items)

platforms wmake
Allwmake build-stamp COPYING README.html
L
i
README.org 3 folders selected (containing a total of 57 items)
_(:5 - 3z X 3L ﬂ Ie) }\ﬂ
BRI LY

g 2y 2ol 7|

1&9] Foameo = E1}



Applications

Solver |

|—— basic

|—— laplacianFoam
|—— potentialFoam
—— scalarTransportFoam

|—— combustion

|—— chemFoam
|—— coldEngineFoam
|—— engineFoam
j—— fireFoam

|—— PDRFoam

I reactingFoam
L—— XiFeam

|—— compressible

|—— rhoCentralFoam
[—— rhoPimpleFoam
| rhoSimpleFoam
L—— sonicFoam

|—— discreteMethods

F—— dsmc

—— molecularDynamics

|—— DNs

l—— dnsFoam

|—— electromagnetics

[—— electrostaticFoam

|—— magneticFoam
L—— mhdFoam

|—— financial

1 - financialFoam

| heatTransfer

|—— buoyantBoussinesqPimpleFoam
—— buoyantBoussinesqSimpleFoam
[ buoyantPimpleFoam

|—— buoyantSimpleFoam

i chtMultiRegionFoam

L—— thermoFoam

|—— incompressible

|—— adjointShapeOptimizationFoam
|—— boundaryFoam

|—— icoFoam

[—— nonNewtonianlcoFoam

[—— pimpleFoam

|—— pisoFoam

|—— shallowWaterFoam

L simpleFoam

|—— lagrangian

[—— coalChemistryFoam

|—— DPMFoam

|—— icoUncoupledKinematicParcelFoam
|—— reactingParcelFilmFoam

|—— reactingParcelFoam

|—— sprayFoam

—— uncoupledKinematicParcelFoam

—— multiphase

|—— cavitatingFoam

|—— compressiblelnterFoam
[—— compressibleMultiphaselnterFoam
|—— interFoam

|—— interPhaseChangeFoam
|—— multiphaseEulerFoam
|—— multiphaselnterFoam

i - potentialFreeSurfaceFoam
|—— settlingFoam

—— twoliquidMixingFoam
L—— twoPhaseEulerFoam

L—— stressAnalysis

j—— solidDisplacementFoam
—— solidEquilibriumDisplacementFoam

utilities

[—— mesh

|—— advanced
|—— conversion
[—— generation
L—— manipulation

-—— miscellaneous

|—— expandDictionary
|—— foamDebugSwitches
|—— foamFormatConvert
|—— foamHelp

i foamInfoExec

L—— patchSummary

|——— parallelProcessing

|—— decomposePar
[—— reconstructPar
|- reconstructParMesh
L—— redistributePar

[—— postProcessing

|—— dataConversion
|—— foamCale
|—— graphics
|—— lagrangian
|—— miscellaneous
[—— noise

[—— patch

—— sampling
|—— scalarField

i stressField
[—— turbulence
|—— wvelocityField

— wall

|—— preProcessing

i applyBoundaryLayer

|—— applyWallFunctionBoundaryConditions
|—— boxTurb

[——— changeDictionary

[——— createExternalCoupledPatchGeometry
|—— dsmeclnitialise

|—— engineSwirl

[—— faceAgglomerate

[—— foamUpgradeCyclics

|—— foamUpgradeFvSolution

|—— mapFields

| mdInitialise

[ setFields

[—— viewFactorsGen

—— wallFunctionTable

|—— surface

|—— surfaceAdd

|—— surfaceAutoPatch

|—— surfaceBooleanFeatures
[—— surfaceCheck

[—— surfaceClean

|—— surfaceCoarsen

|—— surfaceConvert

|—— surfaceFeatureConvert
|—— surfaceFeatureExtract
|—— surfaceFind

|—— surfaceHookUp

|- surfacelnertia

| surfaceLambdaMuSmooth
|—— surfaceMeshConvert
—— surfaceMeshConvertTesting
|—— surfaceMeshExport

[—— surfaceMeshimport
|—— surfaceMeshlnfo

|—— surfaceMeshTriangulate
[ surfaceOrient

|——— surfacePointMerge

—— surfaceRedistributePar
|- surfaceRefineRedGreen

| surfaceSplitByPatch

[—— surfaceSplitByTopology
|—— surfaceSplitNonManifolds
|—— surfaceSubset

|—— surfaceToPatch

L surfaceTransformPoints

L—— thermophysical
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f—— chemkinToFeam

f—— equilibriumCO

—— equilibriumFlameT

: - mixtureAdiabaticFlameT



gE oA AFEAE home  EFUOARE 7] @Fsto]l QY] wEo
‘/opt/openfoam?230/tutorials’e] A+= dAES A 4 gvt. web home =4
o Ag 9Ael tutorials ETE HAFS|oF stof ghth. ol o] HWEHES EHu| Eo|
AH3A ‘home’ ZHl ‘OpenFOAM olt= =U7F A ¥, ‘OpenFOAM Z4
of ‘nextfoam-2.3.0'FUY 7} AAdET.  ‘nextfoam-2.3.0'% A&} o]E3}
OpenFOAM®] W& ofnghe}, 22far 1 Qte]l ‘run’oleb= EU7F A A
mkdir -p $FOAM_RUN

i ES Ty €) 11:41AM 2 NextFOAM {it

am@NEXT-FOAM: ~$ mkdir -p SFOAM_RUN
am@NEXT - FOAM: ~§ D

@ Browse Net... ;ugs in OpenFOAM

In OpenFOAM are reported so we can fix them. Please refer o the OpenF-C

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn item)

Huldo] d#E3% ‘mkdir —p $FOAM RUN'OA ‘mkdir'2 make directoryS <]H]
&l —p'E ‘mkdird AR ‘AR Y % AA'S oudt. ‘$FOAM_RUN
& OpenFOAM AW ol A gl W
‘/home/nextfoam/OpenFOAM/nextfoam-2.3.0/run’S 27| gtt}. o] 7] A nextfoam
= ARE&AF o] Folt.

Huldo] ofgle] WaHolE JHshA ‘tutorials’ ET9 W&o] ‘run’ETE R HALEH
t}.

cp -+ $FOAM_TUTORIALS $FOAM_RUN

, B E® fy ¢) 11:42AM 2 NextFOAM £

tr -p SFOAM_RUN
P -r SFOAM_TUTORIALS SFOAM_RUN

-c|[B+ <

SHOVE/OpenFOAH directory named <USER>-2.3.0 (eg.chri
rectory named run within it e.g. by byping.
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gHuldel  g¥s ‘ep r $FOAML TUTORIALS $FOAM_RUN’&
‘$FOAM_TUTORIALS’ &4 9] sh-Zre 3dS ‘SFOAM_TUTORIALS ZU =
EAbgtth= AE omgin ‘cp’e HAME «11316}51 -r'Z stelEu e Bds 3
shth= olmfolt}. $FOAM_TUTORIALSS ‘/opt/openfoam230/tutorials’S LERY
= Wgolth

OpenFOAMO 2 #&314 5 st7] AsiAA= 378 EUE FHlsfioF gt 27| =x
Ao F=# HAHE ztu
ARE zka Q)= EUY(sy
(constant =1]) o]t}

ofef ¥
‘/Home/OpenFOAM/nextforam—-2.3.0/run/tutorials/incompressible/icoFoam/cavit
y

ZHE BoFa YJrl. e golEE Fo A lead driven cavityZAE AXlst
= o Aot Al /e &Y ‘0, ‘constant’, ‘system’S & 4 Ut}

Computer « [® Home OpenFOAM nextfoam-2.3.0 run kutorials incompressible icoFoam cavity

@ | Home
FJ K4 Desktop ’i i i
r i} Documents
J = 0 constant system
= = &3 Downloads

‘ - ‘ i Music

L.‘A i Pictures

‘E‘ i@ videos

=1} = File System

2 Trash

@ Network

P i bBrowseNet...

1)

‘OEHoll= 0% T+ 094 time-step(Z271FEDAIA ] 548 BRE 2EaL T
OBO Qi pHUe FHREEE UsAS SrE¥el g YuE 23 Aok
constant’ Ztiol|A]  polyMesh'ZH o= AxAl  AHARE  zZtm  glow,
‘transProperties’= fA19] HAAAST ARE zta du}. ‘system ZHo] U=
‘controldict’ 2 Alrke]l Azt &, AIRRZMA ALEA el wlEY g2 T
EH?E dRE zta 9o ‘fvScheme’ Oﬂt A g 2 o] of4kst el Wi HR
7F St ‘fvSolution’olli= &8 @2kep WbE3Slg Sl ik AR} 9l

Home Folder

B} Computer + run tutorials incompressible
)
sl Home

K pesktop

© 2
c

i} Document its
& Downloads
& Music

i Pictures
il Videos
= File System

Computer

s Home

& Desktop s

3 Trash _ H 1§
7 Documents N . el

olyMes ransportPropertie
Network B Doinlonds poly £z

@ Browse Net... | [ Mmusic
@ Pictures ) system
@videos Computer
~ Filesystem @ Home
T Trash i Desktop (= =

Network I Documents = e
= controlDict Fuschemes fusolution
i Browse Net.. i Downloads
8 Music
@ Pictures
@ricures
Videos

i@ Videos
Zo | 2 Filesystem
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2.2.1 B2 7| 2EFo)
Boldol A obe) 1w} @ol pwd'dm 1YE s @A A F9 Frlel A

25 g9 g < glt}. ‘pwd &= present working directoryd <kzlolt}. & |
‘Home'#H 9] ‘nextfoam’ET (A& Eol & AS & 5 Q. Hu|do
Is'8tar =S st dA FY 520 &9 ¢k U8 sde| -HAIZY. sk
oF
o}

o
=99 W8 T A ZUE Yrfsta A4S FdS ougit IS’ liste]

r

M S nextfoam@NEXT-FOAM: ~

nextfoam@NEXT-FOAM:~S mkdir -p SFOAM_RUN
nextfoam@NEXT-FOAM:~$ cp -r SFOAM_TUTORIALS SFOAM_RUN
nextfoam@NEXT-FOAM:~S pwd

S xamples.desktop
|nextfoan@NEXT FOAM:~$S

‘cd’= change directory®] A2 AJEHE olsst WEo )k oot o]

cd OpenFOAM/nextfoam—2.3.0/run/tutorials/incompressible/icoFoam/cavity/system/

S A& A icoFoam cavityd A o] system ZUE o]%3stA dtt Zuv) 3 o]
55 BT gEste A2 HAFY] "o ‘Tab' 718 =8 AsdAdS ol8std =
2 Fq—"

nextfoam@NEXT-FOAM:~S mkdir -p SFOAM_RUN
nextfoam@NEXT-FOAM:~S cp -r SFOAM_TUTORIALS SFOAM_RUN
nextfoam@NEXT-FOAM:~S pwd
/home /fnextfoam
nextfoam@NEXT-FO. $ s
Down
examples.desktop
nextfoam@NEXT-FOAM:~S cd OpenFOAanextfoam 2 3.0/run/tutorials/incompressible/ic
oFoam/cavity/system/
nextfoam@NEXT-FOAM:~/0OpenFOAM/nextfoam-2.3.0/run/tutorials/incompressible/icoFo3)

m/cavity/systemS gedit controlDict

‘system’ &1 QFe] ‘controlDict’ Y-S oA LS ERISAY FASE AS-
‘gedit controlDict'E ¢Hstd x99 HEZAY e ‘gedit’'dlhs TR L 9
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g3t controDict#d & 4 4 ATk ‘gedit 7} APH = Bkl Evde] P

% AelF 4 glvk

)
=
controlDict %
JH e e T *\
| | |
I / Field | OpenFOAM: The Open Source CFD Toolbox
| \\ /0 peration | version: 2.3.8
| W/ A nd | Web: WwW.OpenFOAM.org
| W M anipulation |
Vi ottt R o A B R S A S a5 Y
B

oanFile

{

version
format

mkdir -p SFOAM_RUN

cp -r SFOAM_TUTORIALS S$FOAM_RUN
nextfoam@NEXT - FO
/home/nextFoan

Ln1,Col1 INS

nextfoam@NEXT-FOAM:~$ mkdir -p SFOAM_RUN
nextfoam@NEXT-FOAM:~S cp -r SFOAM_TUTORIALS SFOAM_RUN
nextfoam@NEXT-FOAM:~S pwd
/home /nextfoam
nextfoam@NEXT-FOAM:~$S 1s
esktop Downloads Pictu
Documents examples.desktop OpenFOAM Public Videos
nextfoam@NEXT-FOAM:~$ cd OpenFOAM/nextfoam-2.3.0/run/tutorials/incompressible/ic
oFoam/cavity/system/
nextfoam@NEXT-FOAM: ~/0OpenFOAM/nextfoam-2.3.8/run/tutorials/incompressible/icoFoa
m/cavity/system$ gedit controlDict
nextfoam@NEXT-FOAM: ~/0OpenFOAM/nextfoam-2.3.0/run/tutorials/incompressible/icoFoa
m/cavity/system$ cd ..
nextfoam@NEXT-FOAM: ~/OpenFOAM/nextfoam-2.3.0/run/tutorials/incompressible/icoFoa
m/cavity$ I

od ~'& 9 ‘Home EUR o531 531, ‘cd /& AASIY ‘oot FU (@5
o) Fge] B olFE Heh AN <2 Home'EH S olvista,
& ‘root’ EHE ovlgt.

@S ® nextfoam@NEXT-FOAM: /

nextfoam@NEXT-FOAM:~S mkdir -p SFOAM_RUN
nextfoam@NEXT-FOAM:~S cp -r SFOAM_TUTORIALS SFOAM_RUN
nextfoam@NEXT-FOAM: ~S$ pwd

/home fnextfoam

"
o
o

~$ 1s
043
examples.desktop
nextfoam@NEXT-FOAM:~$ cd OpenFOAM/nextfoam-
oFoam/cavity/system/
nextfoam@NEXT-FOAM: ~/0penFOAM/nextfoam-2.3.0/run/tutorials/incompressible/icoFoa|

m/cavity/system$ gedit controlDict

nextfoam@NEXT-FOAM: ~/OpenFOAM/nextfoam-2.3.0/run/tutorials/incompressible/icoFoa
m/cavity/systemS cd ..

nextfoam@NEXT-FOAM: ~/0penFOAM/nextfoam-2.3.0/run/tutorials/incompressible/icoFoa|
m/cavityS cd ~

nextfoam@NEXT-FOAM:~% cd /

nextfoam@NEXT-FoAM: /S I
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OpenFOAM<E AX|atA HWH =0 o5 A HElg 2 7H#] & ol(alias)E°] F7F
HA "ct Heldd ‘run’S 983t OpenFOAMY] ‘run’ZU & o] &53A T
‘tut’'s YJEshd ‘tutorials’ EY R o] F3HA Hu} ‘app’E 4 ¥ sHH OpenFOAM)
‘applications’ETl = o]F3stAl HTh ol THAA IsTHE Al HAOR FAE =
g2 Aguds oustt}. ‘Allrun’, ‘Allclean’ S ti3r A& o} Aol A
gatAl .

@S @ nextfoam@NEXT-FOAM: fopt/openfoam230/applications

nextfoam@NEXT-FOAM:~S run
nextfoam@NEXT - FOAM: ~/OpenFOAM/nextfoam-2.3.8/runS 1s
tutorials

nextfoam@NEXT-FOAM: ~/0OpenFOAM/nextfoam-2.3.0/run$ tut

nextfoam@NEXT - FOAM: ,’opt,’openfoamzm,’tutor\alss src
\nextfoam@NEXT FOAM: ,n'optfopenfcamZBG/sr:s 1s

om
extfoam@NEXT-FOAM: /optfopenfuam‘-'3ﬂ/src$ app
inextfoam@NE - /applications$ 1s
Allwmake s
(Inextfoam@NE

ZHE A WHole ‘make directory’@] 9FAFQl ‘mkdir’o|t}. of] ¥}
| ‘run’EFY A ‘mkdir test'E YHIA ‘test’ FHE AAF T F AW ‘touch’
Hl gade AAsHE WEo] otk AR ‘test ZU oA ‘touch file01'S 3}
= HdS v Ak ‘copy’e oFARRI ‘cp’E ol&dte] wd T
2 EAg 4 9tk ‘ep testOl test02'E AHsHH ‘testOl’ 3L o] ‘test02’ v
= Bx1gnh removed] °FARSl ‘rm’ WEolE ARESte] TS AHAl & 4 At
o] ‘rm file02'S JHsA ‘file02'5tdo] 2HA] b ZUE HAles 49
‘cp’g @Ol ‘—riojgke wAS Eol FHok gk EMEl ‘cp 1 test test_cp’E
3l ‘test’ ZU 7 ‘test_cp’E EBAFEATE ‘move’d] oFAFel ‘mv HWEHOE o] &
Hogdolul ZEE ol AZIAY olgs WAE & Avk HEEe ‘mv test_cp
test02'E YH3H ‘test_cp’EE7} ‘test02’FVZ vl A Ho). I Al A] 3t
b o] e EZTZFA| olFshAl il AAl & 4 Ut
L sdeA A48tk Ho8l= EU9 AT ‘rmdir' ¥
A g AR EH gl gdojy EFY7E A=73 - ‘rmdir
FeEol2 A & & glth Zue 1 Y9 <k &S sl A5l fEsiAE
rm WHEAL} rHAES o]&std Huh HuE|del| ‘rm -r test02'E Y= ItH
‘test02'ZE 9} £ QFe] o] B5F AHA|
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-FOAM
0AM

-FOAM
-FOAM
-FOAM

-FOAM

:~/OpenFOAM/nextfoam
:~/OpenFOAM/nextfoam

:~/OpenFOAM/nextfoam
:~/OpenFOAM/nextfoam
:~/OpenFOAM/nextfoam

:~/OpenFOAM/nextfoam
1~ /OpenFOAM/nextfoam

— 3() —

‘test' Z2C MM

“file01’ T} MM
ile01’ S “file02'2 T} A}

‘file02’ I} AbX|

‘test’'S ‘test_cp'E EC| BA}

‘test_cp’'E ‘test02‘'2 ZE{O0|E HA

‘test'Z ] QtO| “file01 ‘It Y AlH|

‘test'E] AMH|

‘test02‘E | AbN| Almj

‘test02‘ZE [ AHK|



3 OpenFOAM applications and utilities

OpenFOAM £ o] 83t oA A5E oA 2pdor] EvsE Aol ofye}l solver
templateE AF&3l= 91| 7F vl OpenFOAME Z314} 3+ modeld 33l A
2 t}E execution binaryE % 3dtojof tm ZF solvers AR thE 29
input file¥} directory T7+%E L3t} Tutorial &= Z} solver’} &438+= 84
& vlg] AAE Fol &FF AR Y T/ solvergs AREstaizl @ o input
template & 24 A}&3 4 9l Joll H Ao A= tutorialS FTAOE 3}
solver & utility®] & et AFS T AA LAl OpenFOAMS 483

F Qe W FeFug @k

o

3.1 icoFoam cavity tutorial
A dAE cavity F% ;A O EZA OpenFOAME F+=317] 93] L3
tutorial templates ©]-&3l= Wl sl d¥stazl st =

3l o]o] 29l AL A review S WHow A
OpenFOAM-E A X]&}al tutorialS 2H7] YaiAe= dubd oz s AxE wels
LigRal=

« terminals& &8k ARl AHo®  aliasq]  tut WHES  ARES}]
$WM_PROJECT_DIR/tutorials folder=® o] gt}

« $WM_PROJECT_DIR/tutorials folder®l+= 7+ solverel] widl] A3 gk 7] o]
9] tutorial®] =H = )

« o] folderollAl A3 solverg AT A5 EZ83 sdo] G HAY
tutorials folderE template® A}&3}7]0] {"%f& Fsto] Hold 4 lomg
3l folders 2} AF&A}F folderoll HAFSFo] AFE3E A8 @ A3y

3.1.1 tutorial £9]
icoFoam= OpenFOAM®] 7F4 7+sth solvers 3ty E A o] solverd A& &
3le] OpenFOAME] 7|24 Q1 ARE W& Yolr 7|2 S,

U, =1m/s

—_—

d=0.1m
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o
o
>
re
o
z

jus]
=
©
i
o,

]

Fol 9ee Eal tutoriale AHEAS] Erie] BA} SEE

cp —-r $FOAM_TUTORIALS/incompressible/icoFoam/cavity $FOAM_RUN
cd $FOAM_RUN/cavity

3.1.2 icoFoam tutorial
tutorial &S 13 of o
9] 3 A& Linuxs= 0S &

A5 Ao Aok 3t Mol

o off

oX,
ox
=
DX
Sl
R
)

Mo
2&
N
=2
gl
S
R
ol
=
[
o

blockMesh

mesh A4 ¥ o} WH S &3] meshE check 3,

checkMesh

HE As| o= meshel 9 geometrye] A7] & & 5 ATt

o] % ot B A5t solvers 53

icoFoam

9 BEs At terminal 3t AL o] #e AR FAHM iAo

=2 T Sl
Aol Bya F & o) HWHE AHdsH OpenFOAMS] post-processor?!
paraview”} A& FH o},

paraFoam

Paraviewol A a4 A3E g1 4= Qo). (29 3-1)
A A 8F Paraview AFEHS 524 Zx g A A A Eo] 9]
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reif sy el afeds |

4.85

138 3-1. Paraview® AF&3F cavity % a4 A

3.1.3 icoFoam input directory +%
o|Fel A8t icoFoam= B GG H], BEFA, T7F & solver=ZA 92 A=}
o =

G233t & cavity directory & A ®EwW olzje} e 35 B2

O

5 directorys &

X0
* 4

o

, constant, system, 0.1~0.5

te] directoryv Y3 & HAEE F5skal Tt
0: fr&9 7] 203 A=A 4
0.1~0.5 : Z} time step?] &34
constant : & FAY T84
system @ 2HEH, dE ALPE 2D o) A FE Y HH

uh)
N
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mh l:lo

l controlDict \l fvSchemes \' fvSalution

blockMeshDict

~Properties

LJ L] 1
points l cells \ l faces \ l boundary

1% 3-2. icoFoam 34 &Y F+x

3.1.4 icoFoam input file W&
Foll A 2B 717+ directoryel U FAS A reviewdte] solverT-Eol
2% inputs AAdstE WHE dolR kS g

3.1.4.1 transportProperties

transportProperties < constant directory 3sbdel] Qom Z& FA2o 84 A
T2 nuE B st
[ #— C++ —#——— =W
| ========= | |
| WW / F ield | OpenFOAM: The Open Source CFD Toolbox |
| WW / O peration | Version: 2.3.0 |
| WW / And | Web: www.OpenFOAM.org I
| Ww/ M anipulation | |
Wkm— e ———————— */
FoamFile
{
version 2.0
format ascii;
class dictionary;
location "constant";
object transportProperties;
}

nu nu[02-100001]0.01;
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// 2k 3k 2k 3k ok ok ok sk ok sk sk sk ok ok sk sk ok ok sk ok skook ok ok sk ok skook kook sk osk skok ok ok ok skokokok sk ok skosk ko skok sk ok kokskok sk kk ok //

=% header FEolth AA FHA Al e AE= 18] 7[sH o] 3l

3.1.4.2 blockMeshDict
blockMeshDict #F&-& o]z 233t blockmesheli= utilitys 2 3P3s7] ¢

2 mmA 4999 98 2 boundary oF 52 Alew 3

[ m #— C++ —#————— *W
| ========= | |
| WW / F ield | OpenFOAM: The Open Source CFD Toolbox I
| W / O peration | Version: 2.3.0 |
| WW / And | Web: www.OpenFOAM.org |
| WwW/ M anipulation | |
sk — e %/
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object blockMeshDict;
}

convertToMeters 0.1;

vertices

(
000
100
(110
010
(0 00.1)
(1 00.1)
1100
0101

blocks
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hex (0123456 7) (20 20 1) simpleGrading (1 1 1)
);

edges

);

boundary
(
movingWall
{
type wall;
faces
(
3762
)
}
fixedWalls
{
type wall;
faces
(
0473
2651)
(1540
)
}
frontAndBack
{
type empty;
faces
(
0321
4567

);

mergePatchPairs

(
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);

el 17982 FF 7|EH= vertex® FHw7F AR A elA 22w SI unit
system?! meter @92 W3 E 7] Y& FaoF & wjE YERAY. oAe} o]
0.10]8tx Ho] 9 HA9E vertex? HFI7F (1 1 DE TAH A AA=ZE
0.1m, 0.1m, 0.1m¥ Al vertex’} YAt AL ovstt}

1980l A 2982 geometrys TSI vertex®d FHuE YERATE oA9 75
Z 87/ HAIHo] 7l=H A FolH vertex®] WMIE 7R WA 2291 (0 0
0)o] OWelaL 7HH7FAS] MZ 7 spdof 2ol =M= Fof Ht,

31 A 3482 volume geometry9} meshs ZHAdsh= F-Eolt)h. dAle 4$-
hexzhi= keyword®2 SHAIE FAskaL 19 42 vertex ©4 0123456
TE MELEE ol n ol A= SHAE o 2RI o

3 2
T |6
I} 3 :
4 T I
1 e et B
1 5
% 3-3. blockMesh® A4t SHA| =<l

olwf vertex®] ME & LEE HEF O upg} 2hofxof iy,
vertex A ©]%¢] (20 20 1) 7 edgeE Y AFE 2udith. 3 WAl 20
L vertex 094 127}= edgeE 20702 U1l F WA 20 vertex 194 22
7}= edge "FA ) 1& vertex 094 42 71 edgeE 17HE UFE AL onH] 3
=3

1 o] %9 simpleGrading (1 1 1) 7} edgeE & 7H4
S =2 Uy As Yrgith

boundary+ Z} block®] ZtHel s@st= ol £S5 UERAT cavity A&

o

EE

N

59 7

)
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ARl 9 SR8 9e )
= A

oo

) 1S movingWall©]

A4 it o]y gk £A4o] Fol®l W2 vertex
ek =A% ofgel Yo Ak 53] o]

EA o] A9 OpenFOAM solver: 224 solver”} wh

ek 1719 cells A YF WS empty 27S HFosto] sjAskA ®o)

boundaryE % 2]d}i= vertext domain &FE = E

stojof ght},

case directoryol Al blockMesh& &3} blockMesh Dictel]l A<= W-&& 3

%38} cells, points 52 meshel] #HH HHE constant/polyMesh o}f&jol] YA

shA E .

3.1.4.3 controlDict

system directory o}#oll 9= controlDict fileoll+= solver A3 A] iteration 3157,
Abs A A T oslA el #ek AnbA Q] W&ol 7l=E o]

fileo] W8S AW vh53 2

[ m #— C++ —#——— *W
| ========= I I
| WW / F ield | OpenFOAM: The Open Source CFD Toolbox |
| WW / O peration | Version: 2.3.0 I
| WW / And | Web: www.OpenFOAM.org I
| W/ M anipulation | |
ok — e */
FoamFile
{  version 2.0;
format ascii;
class dictionary;
location "system";
object controlDict;

application icoFoam;
startFrom startTime;
startTime 0;

stopAt endTime;
endTime 0.5;

deltaT 0.005;
writeControl timeStep;
writelnterval 20;
purgeWrite O;
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writeFormat ascii;
writePrecision 6;
writeCompression uncompressed;
timeFormat general;
timePrecision 6;
runTimeModifiable yes;

file®] header F-i& ©]%-¢] W& tha3} 2t

application <& 39 controlDictE 38} solver? o]go|th. £ dAe] 5
+ icoFoams o]&3te] 34 & 438t A ©r}. o] startFrom¥} startTime- 3
Aol AlAE = Ze] dig AW oR Ao A9 startTimeo] 7]=¥ 0 Z5H
A2 AlAtskAl @k stopAtd endTime df4 o] FR¥= AlFS ovlste] 0.5
Zo e FTEIEF HdAEH 3 deltaT+ unsteady 74]*&/\] time step
sizeE YERHAT writeControl 34 ’\53 T As A HAE o' d9 =
ElAAE AASHH timeStepl. 2 o9l A-$ writelntervaloll A8 time step
Mol sk aiA A3t A5 AGEA Frh purgeWrite= dfi4lo] 118w = F<t
#wgk TR A ARUE Al AREE A WAk Al I8 Jhge At
7131 o] M o] A= XA st7] fsl AAsHAINE oAl ek o] 0 o= HAA A
= A ARE 27 FAFA @k writeFormat 34 A3 AGA &%
ol A NS G357 HE binaryE AR sAY &4 AAE text
editorol| A vt= g ¢ JEF asciiz AFT F JdL=F A8 = o). 34
Ao A7|E FY =94 A FE 4535 94 writeCompressions 4
23t 4= gloy B oAl 49 uncompressedZ A= o] 34 AIE plane
text formate2 A&3A ¥} timeFormat¥} time Precisions ©]-&3}o] 4
ANE AT o AZte] tigk ARE AFY S AFFoR AT F vk
runTimeModifiable 3|4jo] %= EF controlDict F¥YS T3l 34&
T Y iAol FREE AR dFE F ARF d4 I =Tl system
folder?] W74 & ﬂAlz‘s}% s& AAY E F A= 7lselth

contorlDictel] 2291 key word®] 7 -$-+= o] &l 2:2l

B WAE g Ak AN od s AFEE g AdeEA T A
© Aol dummyzh= #hE €olTH Q
T Ak olZHW stopAtell & F U
5l

Aol dummyZ A o]F11 solver

_{

.ﬂ

dummy is not in enumeration
4
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nextWrite
writeNow
noWriteNow
endTime

)

= dummy?] Al AREE = Sl e 919 4709 ghol Thesithe ojvoltt.
dummy+= o= A NME 2ol 7hsety 99k AR PA OS2 dummyZ) 2o
A= AANA ALE Thed FAES Boleth

3.1.4.4 fvSchemes

fvSchemes 3+Y-2 solver’} #31A}8k= equation®] discretization scheme& A
et Ao sl 31 <oA= ZF equation®] 3 WE A® U2 scheme
88 7 3om o fileol A= controlDictoll A AFEFE dummyE AFHES 5 9l

.

3.1.4.5 fvSolution
fvSolutione &4 thAto] ¥ equation® matrix solverE A@dt:= oS 3t

t}, B3k solver algorithmo] ™3l parameter® A 4= 2t}

3.1.4.6 0 directory
dAle Alg% = 0 directoryol+ d1419] initial condition®} boundary condition
o] AMz5o] At} directory el pet U fileo] QlaL o]& ZHzh St 3 &kd
gk S 23stal ot ol5F U e S AuRd o 2.

dimensions [0 1 -1 0 0 0 OJ;
internalField uniform (0 0 0);

boundaryField
{
movingWall
{
type fixedValue;
value uniform (1 0 0);
}
fixedWalls
{
type fixedValue;
value uniform (0 0 0);
}
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frontAndBack

{
type empty;
I3
+
o] 7pd Qe oy

At dimensionst= T HLolA YEA e EHE
st oh ¥ o] [HEF do] A7F 2% &5 AFE FH] o AFE YEdH &
A+ ST unit®] 4% [kg m s K mol A cd]& AFE3th < [01 -1 00 0 0]
m®] 1A% * s9 —1Aly<S o8t m/sE e

Us<59 internalField= cell valueE W|stt}. oAl 0 folder: initial
condition® 24 domain W& EE celle] L34l A= FEHE 7437 9
uniform (0 0 0);2.% x, vy, z 57} E5 002 AAEo ). dAdo] & H o]
0 directory®ll F7}2 time directory”} AW cell vt} =71 T2 32 2H
Y22 internalField F-%o] WA A o}

boundaryField: <X t3dF boundary condition® 24 &4 o] AFHof xHr
3 1m/s YA BWH-E non-slip condition® @ A% o] QIt}, o] o] Arsl nf
¢} 7ol OpenFOAMONA 22k w4 ajAlS 9= ZoidFor 159 cell&
WEA Ha FrH o R wEo R W= emptyEteE types A ASHH FrHA <l
Aol QoA Kt

3.15 &4 43 2 A=

3.1.4004 AR wel o] A3 YA 7+ 5 Aol &
o wz} utilitye} solverE A& sHA cavity oAl il 250]
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A =Y FE5S WYt WHS EA49 3)HS MRF(Multiple Reference
Frame) 7|W& AF&3ste] AAH 1S st WHI 2A EAE 2 o|HA A
AAdE A S sh Wol Qlth 2 Aol &= OpenFOAMOlA F 7FA] WS
2 5
-

o]&3to] 3

3.2.1 ?45“31 9 B3 H 5 A
MRF 7|®H< ol&3 e F9 B
= ©|-&s}o ﬂ;ﬂ"éoﬂ o] MRF sourceE ¢ =
fvOptions+= OpenFOAM v2.2.0°14 A& =4 = 2

of XupkAg Aol AFolu 5k AldH(constraint) S & 7 A=F NEE
g o]t} fvOptionsE ©]-&3bHd MRF, porous media, actuation disk, fixed
temperature, tempertature limit constraint 5< 78 4 9t}

fvOptions 7]1%5<2 AFg3ste] MRF 2dS #A&e v & AL 3149 v|d=
A dR e A %LE W83 A8t @A system &1 2] fvOptions 0]
31 Ad3k= cellzone, 3%, 3| HTA, & 248 88 F77 spd
incompressible/simpleFoam/mlxerVesselZD FEHYL TAE oL gy F
A ARLE oA e dotrRAk o IS FEHA ZA9 d4d 4
= UrE‘rlH‘}iﬂ*. el 31 ek= ‘rotor’7F LA &Rl A el ‘stator’ 7t A
ok g AeleE 992 ‘rotor'2he °]9 cellZone©|t}. ‘rotor’'= HHAIAl WFo =
1000RPM®] £== 3[% f&o &9 glem HgEA .

standard k-epsilon &5 E 2L A}8331 simpleFoam solverZ ARg-3kth

" E =
Ho
offt
:‘?L_‘;

>

o mE A

(4 2

==

3.2.1.1 BAxA - ‘0 9 474

‘0" E-el 8% l’Jroa]o U, p 33 7 2del wet B8 gdojrt. o] &4
o i= standard k-epsilon WFR9dS AFEE Zo]Em & ko) epsilon 3do] FQ
sttt

zb gdele 2718 BE ABAME g o] FolAof stk AAWS
rotor, stator, front, back Yl 7l °]t}. rotore 3| eh= AAIW, statores FA] A
Ble] ZAHo|TE front, backe 22+ AXES 913 AAWELRE EE 39
‘empty’ 27S A& HT

==

A

X
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Rotating cellZone
- rotor

I
o
w
~

o

1) 29 5 A A A % S5

/ /
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sie s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk ok sk sk sk sk sk sk skosiesie sk sk sk sk sk i sk sk sk sk ske sie sk sk sk sk ok ok sk sk sk sk sk sk sk ok skeskokeoskoskok skosksk
/!
dimensions [01-10000I
internalField uniform (0 0 0);
boundaryField
{
rotor
{
type fixedValue;
value uniform (0 0 0);
}
stator
{
type fixedValue;
value uniform (0 0 0);
}
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}
/ /

sk sk sk ok sk ok sk sk sk ok sk sk sk sk stk ok sk st sk sk sk skosk sk sk skeok ok ok sk skosk sk sk sk sk sk sk sk ok ok sk skok ok sk sk ok sk ok sk sk ok sk skosk ok sk siok sk skokok skoskokokok sk skokoskoskokok sk skok ok

/!

dimension< m/s @92 AAS 27 £5= (0 0 0)°o. = AA3 T}
stator= A AEjo]l7] wWZol no-slipx71S A -&3to] fixedValue (0 0 0)& A}
&gkt

rotorv 3| A3l HolAwk 3] A st
ol7] wiiel, IAFAZA AolA=
fixedValue (0 0 0)= AF-&-3t

9 (rotor' 2 cellZone) Wl e W
[e)

XA o] wWHolth, wEkd &£ FHLS

Oﬁ Qm

o

/ /
sk 3k sk sk >k o sk sk sk sk sk sk sk sk sk ke sk sk sk ok sk sk sl sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk skeosie sk sk sk sk sl sk ke sk sk sk sk sk sk ok skoske skosk sk sk ok skoskoskoskoskoskosk skok skck ok
/]
dimensions [02-20000]
internalField uniform O;
boundaryField
{
rotor
{
type zeroGradient;
}
stator
{
type zeroGradient;
}
/ /
Sk sk ok o sk ok ke sk ok sk ok sk sk sl sk sk ok sk sk ok ok sk sk sk sl sk sk ok sk sk sk ok sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk ok s sk sk sk sk sk sk she sk sk ok s sk ok skeske sk skeosle sk sk ok sk sk sk sk sk skske sk sk ok sk ok
/!

H] =4 -5 solver?! simpleFoam= /\}4‘18}7] o] ¥ pe HMEE YT
2 kol &9 = m2/s20] Ak %7] kHe 0o® AAt} rotore stator &

+ zeroGradient 2715 AF&-3hot.
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=
- 35 BAEA, k
37 o) e}
k v et o] A HY
// 3k 3k ok ok vk ok ok ok ok ok ok o o ok ok o ok vl ok ok sk o ok ok ok ok ook obe ok ok ok ook ok ok sk sk sk ok ok ok ok sk sk ok ok ok sk ok sk sk skok sk ok ok sk ok sk sk stk kol kol sk skokok sk sk sk ks kok sk ok ok //

dimensions [02-200005L

internalField uniform 1;

boundaryField
{
rotor
{
type kqRWallFunction;
value $internalField;
}
stator
{
type kgRWallFunction;
value $internalField;
)

// 3k 3k ok ok vk ok ok ok ok ok ok sk ok sk sk sk ok sk sk ok skeske ok ok sk ok ook she ok sk sk skl sk sk sk sk skok ok sk ok sk sk sk ok sk sk st sk sk ok ok ok sk sk sk sk ok sk sk stk sk sk stk sk sk skokokosk skok ok ok skok ok //

- 4% AAZA, epsilon
epsilon 3942 o} o] AAHT,

// 3k 3k 3k >k ok >k sk sk sk >k sk sk 5k ok sk sk ok sk sk ok sk ok ok ok sk ok skook sk ok sk sk skok ok ok sk sk skook ok sk sk sk sk sk ok ok sk sk sk ok sk skosk ok sk sk sk ok sk sk skeok skokoskok skok sk ko sk sk kok skosk kokksk sk //

dimensions [02-300005L
internalField uniform 20;

boundaryField
{
rotor
{
type epsilonWallFunction;
value $internalField;
)
stator
{
type epsilonWallFunction;
value SinternalField;
}
}

// sk 3k 3k ok ok ok ok sk ok ok sk sk sk ook sk ok sk ok koo ok sk sk ok sk skook sk skok Sk ook sk sk skook sk ok ok ok sk skook sk sk sk skok sk sk sk skok sk sk skok skokeskok skokoskokokoskoskokok kskkoskksk sk //

3.2.1.2 A% 2 4F=2d, ‘constant’ E¢] AA

‘constant’ =09 & Q3% 322 RASProperties, transportProperties + 7i¢|t}.
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RASProperties o x= W7 2dS AA3] 531, transportProperties 3}l
Ao A4S A48 Sk

WF 29S standard k-—epsilon @S AFE8 W] RASProperties 34L& s
U d g

// Sk ok ok sk sk ok ok ok sk sl sk sk sk ok sl sk skook sk ok sk ok stk sk sk stk sk sk sk skosk ok sk sk sk s sk ok skl stk sk okok s sk sk kool sk sl stk skokoskok seokoskoskok skl kok skok skokskok sk //

RASModel kEpsilon;
turbulence on;
printCoeffs on;

// 3k 3 ok ok ok 2k ok ok o 2k ok ok o ok ok ok ok vk ok ok ok ok Ak ok ok o skeoke ok ok sk e ok ok ok ok sk ke ok ok ok ok 2k e ok ok ok e 2k ak ok ok ok ok ok 2k ok ak ok ok ok sk ok ok ok ok vk e ok ke ok A ok ke ok kol ke ok kok ok //

Z} Wi 2do] o3k RASModele] 24 e
$WM_PROJECT/src/turbulenceModels/incompressible/RAS/ o4 3elsk 4= 2l

{1

z

1hEA TAA AAE] Fojof st B2 HAAAG ®olth. FHAAA
+ transportProperties 3o dA & =t} 4 transportModelol A 78+
AA] ol dxE AAs, wEFAo]H Newtoniano. 2 AAsti sHAAATE
T2 d493t. vFERAel H$ transportModelS  CrossPowerLaw =
BirdCarreau = AA3s}lal 10| wa} CrossPwerLawCoeffst} BirdCarreauCoeffs

& AAs =t

O

fo ox 24 )

[/ wEswk ok Rk k ko ok ok ok kR kR Rk sk sk sk Rk Rk Rk ok kR ok kR sk ok kR ok kb [/

transportModel Newtonian;
nu nui[02-100001 1e-05;

// sk 3k 3k 3k o 3k ok ok ok ok sk sk sk ok sk sk ok sk ok koo ok sk ok ok sk skook sk skok Sk ook sk sk sk ok ok ok ok ok sk skook sk sk sk skok sk sk sk skok sk sk skok skokeskok skokoskokokoskskokok kskkoskksk sk //

ol=A fxo HS AAASTE Sutherland ERE ALE3Ele] 259 42 =

9] © ™ thermodynamicProperties 3} oAl A=A &) Fr},

3.2.1.3 A4 71 2 AMEA, ‘system’ T AA

‘system’ #09l+= controlDict, fvSolution, fvScheme 3} o] oo sfar = Qo
et o 7hx] 3ol FrtE FHQetA dHnh o] EAdAE FdAY] fEs AL
#Hst7] 93l fvOption o] F71= HQ sttt

- controlDict
controlDict W& Z}£ AAl 248 AAs = FAdo|t}. o] Ao A controlDict
A

sl e theat 2ol

// 3k 3k ok ok sk ok ok ok ok ok ok sk ok sk sk sk ok sk ok ok skosk ok ok sk ok ook skeok sk sk skl sk ok sk sk skook ok sk ok sk sk sk ok sk sk sk sk sk sk ok ok sk sk sk sk kool stk skeokskok skok sk kol skok kok skok skok skok ok //

application simpleFoam;
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startFrom startTime;

startTime 0;

stopAt endTime;
endTime 500;

deltaT 1;
writeControl timeStep;
writelnterval 50;

purgeWrite 0;

writeFormat ascii;

writePrecision 6;
writeCompression off;
timeFormat general;
timePrecision 6;

runTimeModifiable true;

// 3k 3k ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok sk ok ok skosk ok ok sk ok skeok sk ok sk sk sk ok ok sk sk sk ok ok sk ok sk sk sk ok ok ok sk sk ok ok ok ok sk ok ok sk ok skook sk sksk sk skok sk kok okok sk ok kok sk ok sk ok ok //

- fvSolution

fvSolution W2 7} W9 PHAAA}, SIMPLE &arelw, gsiAleE dAsh=
5o o,

SimpleFoam solverE AF&3 wli= solvers, SIMPLE, relaxationFactorsghi= Al
7HA] dictionary® A ETE o] oAM= thadt o] AAE Sl

// 3k 3 2k ok ok 2k ok 2k ok 2k ofe 2k ke 2k e ok ok vk ok 2k 2k ok e ok ok ke e oke ok ke sk e ke ke ok e 2k 3k e e ok ok ke 2k e ok ke 2k e 2k ak Sk e ok ok ke 2k ok Ak ok 2k ofe ok ke 2k e ok e vk ke ok ke ok e oke ke ke skeoke ek ek ke //

solvers
{

Y

{
solver GAMG;
tolerance 1e-08;
relTol 0.05;
smoother GaussSeidel;
cacheAgglomeration true;
nCellsInCoarsestLevel 20;
agglomerator faceAreaPair;
mergelevels 1;

)

“(Ul k| epsilon)”

{
solver smoothSolver;
smoother GaussSeidel;
nSweeps 2;
tolerance 1le-07;
relTol 0.1;

}
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}

SIMPLE
{
nNonOrthogonalCorrectors 0;
pRefCell 0;
pRefValue 0;
}
relaxationFactors
{
fields
{
Y 0.3;
)
equations
{
U 0.5;
“(k| epsilon)” 0.5;
}
}

// sk 3k ok ok ok ok ok ok ok ok sk sk ok ok sk sk ok sk ok koo ok ok ok ok sk skook sk skok Sk ok sk sk skook ok sk ok ok sk sk ok sk sk sk okok sk sk sk skok ok sk skok skokeskok skokoskokokoskoskokok ko koskksk sk //

o] EAE= +r A+ close domain #Ao]7] wj&Eo] SIMPLE

5 2 o]
dictionary®ll 7]& ¢S AAS FojoF st} 7| fAE AASE THS A9
dl e} Zo] pRefcellS ©]&3] cell numberE F+ #'H 3} pRefPointE o] &3] #

FE FE= Wol At 715 S pRefValueE o]-&3 AA 3}

- fvSchemes
fvSchems Y& %] &

AR At

1%
N
i)
o
il
o
o
ol
rlr
1=)
e
o,
H
o,
2
2
=
o
rlr
u

[o
=

N

N
)

// 2k 3k 2k 3k ok >k ok sk ok ok ok sk 3k ok sk sk ok ok sk ok sk ok ok ok sk ok ook sk ok sk sk ok ok ok sk sk sk ok ok ok ok sk sk okook ok sk sk sk ckook skok ok sk ok skok skosk ok skokskokskok sk kokskosk Rk kosk kokkosk k. //

ddtSchemes

{
default steadyState;
}
gradSchemes
{
default Gauss linear;
}
divSchemes
{
default none;
div(phi,U) bounded Gauss limitedLinearV 1;
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div(phi,k) bounded Gauss limitedLinear 1;
div(phi,epsilon) bounded Gauss limitedLinear 1;
div((nuEff*dev(T(grad(U))))) Gauss linear;

}
laplacianSchemes
{
default Gauss linear corrected;
}
interpolationSchemes
{
default linear;
}
snGradSchemes
{
default corrected;
}
fluxRequired
{
default no;
p )
}

// sk ok ok sk sk sk sk ok sk sl sk ok sk sk ok she ik sk sk ok sk ok sk ok stk sk sk sk sk sk sk sk skeosk sk sk sk sk s sk ok skl sk sk sk skosk sk sk sk skook sk sle stk skokoskok sk skokoskoskokok skok skokskok sk //

- fvOptions

fvOptions< MRF, Porous media ¢ AA% 244F 42238 2 75 ¢ As
AAst7] fg gdolth. o] olg& b+ dictionaryel ek #e A

MRF 2A& el types MRFSource® AAsta 349

%, 71455 993ttt 4 5% [radians/sec] ©91E AMESEaL REA A O] +

p

s 2ttt
o A= FHFo] zolal 1000 RPMel”] wiiZel axis= (0 0 1)eo] =iz
omegay 104.72 radians/sec 7} Ft}.

// sk3k ok ok ok ok ok ok ok ok sk sk ok sk sk ok sk ok koo ok ok ok ok sk skook sk skok ok ok sk sk skook ok sk ok ok sk sk ok sk sk sk okok sk sk sk skok sk sk skok skokeskok skokoskokokoskoskokok kok sk okkosk sk //

MRF1

{
type MRFSource;
active true;
selectionMode cellZone;
cellZone rotor;
MRFSourceCoeffs
{

origin (0 0 0);
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axis (0 0 1);
omega 104.72;

}

MRF dictionary®ll 4] selectionMode+ points, cellSet, cellZone, mapRegion, all

OA%}\—.@.&./\M

3.2.2 447 FH HAZAILH 5 A

3] Ae] 5 Sliding mesh 715& AR&ste] AAE F4 o Fdste= W
s olr At

Sliding mesh 7155 AH&37] SlaiA = sdsks F93 GA o] 4o Afe]
of 7} o | FH = interface™ o] EAaoF stk OpenFOAMOA = o] 2 E
Hol2~ WS AMI(Arbitrary Mesh Interface)®e]g} 3+t (OpenFOAM Extend
Project Bl A= GGI(General Grid Interface)gtal 3dtc}l) o & So] 3 A
of &3] = AMI-1olgh= AAMe] dvhd AX del &8 = AMI-2¢h=
A ] e 1A A ekaL =B Hol e F o] =&
constant/polyMesh/boundary 3ol A %] A x| oo} 3t}
MRF Z7AS A& v 34 AL fvOptions 7] 52 AFE3e] =%+=4 sliding
mesho] A+ dynamicMeshDict $dS o] g&&|A A3t} 18] dynamic mesh
I AHEE e RIEEE solverE ARSRITRE Zle Alelskul tiy-Ee
A4S MRFE ARE3h= 499 53ttt

A E s A E sl wls AEE] W AlRbe] AwjEnh A
ot At 2 25 =] sl s At jlo] AxRe] ents WA Feldt
e §% AXLE A ZEE Aol &4 o] duFH e

“moveDynamicMesh” FE 2 E]E 23
obef 1
SWM_PROJECT/tutorial/incompressible/pimpleDyMFoam/mixerVesselAMI2D
Aotk 3.2.19 oA ZAlo Sliding mesh& 283k Aol o] AAE Al-&3)
o AFEWHE 2olH A} solvers pimpleDyMFoamS A}8-3Hr},
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3.2.2.1 AAe 4A
S dstE G937 A GF Atojoll T sje] Wo]l EA) st F o] SlE o]~

Holgk= A& constant/polyMesh/boundary 3o A A=A slc), ofefjo] oo} 7o)
AMI1T} AMI28}= o] 29] o] ¢lEjH o] ~8bH neighbourPatchE o5& e
ol2o 7 HAAs FH Hct Asto] wel matchToleranceE ZAa] FHof & wi

AT,

// sk ok ok ok sk ok sk ok sk sl sk ok sk sk sk ok she sk ok sk ok 3k ok sk ok stk sk sk sk stk sk sk sk sk skesk ok sk sk sk s sk ok skl sk sk sk ok sk sk sk sk skook sk sle sk ok skoskoske ok sk skeok skl kok skok skoskskok sk //

AMI1

{
type cyclicAMI;
inGroups 1(cyclicAMD);
nFaces 96;
startFace 6240;
matchTolerance  0.0001;
transform noOrdering;
neighbourPatch AMI2;

}

AMI2

{
type cyclicAMI;
inGroups 1(cyclicAMD);
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nFaces 96;

startFace 6336;
matchTolerance  0.0001;
transform noOrdering;

neighbourPatch AMI1;

// sk ok ok sk ok ok sk ok ok sl sk ok sk sk ok skl ok sk sk ok ok sk ok stk skook skl stk sk sk skeok ok sk sk sk e sk ok skl sk sk skl skok sk ok sk ok okok sl sk skok kol siokoskokeskok skokokokskokoskok //

3} = 99 cellZoneo & A AEO gor} 3.2.19 oA

Zol T g Alolo= AAMe] §l= A97F Ak o] H$-ol= createBaffle

5 ol&3stel AMI W& AT 4 At} CreateBaffle FEEEE AFE-3s)

siA = createBafflesDict oA s A AAs|oF sh, v
createBafflesDict®] A% of o]t}

// sk 3k 3k 3k ok sk sk sk sk sk sk sk 5k ok sk sk ok sk sk ok sk ok ok sk sk ok sk sk ok sk sk skeok ok ok ok sk skook ok Sk sk sk sk ok ok ok sk sk sk sk ok kok ok sk ok sk ok sk sk skesk skokoskok skok skokokok sk sk kskkosk ok //

internalFacesOnly true;

baffles
{
impeller
{
type faceZone;
zoneName inter;
patches
{
master
{
name AMIT;
type cyclicAMT;
matchTolerance 0.0001;
neighbourPatch AMIZ;
transform noOrdering;
}
slave
{
name AMIZ;
type cyclicAMI;
matchTolerance 0.0001;
neighbourPatch AMI1;
transform noOrdering;
}
)
)
b
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[/ wEwEwwdr kR k kR kR k ok kR Rk Rk sk Rk Rk Rk Rk Rk ks ok k[

e o= 3 G A G Abole ‘inter’E}L o] 59| faceZone©] U=
o]Z o] gaA AMIIF} AMI2EHE F 712l AMI W& wt=i Aol 99} ko]
A3tal createBaffle FHeEE HdsiH constant/polyl\/[esh/boundary v

Lo > 2

2

=

A9 oA Cinter'#t=  faceZone® It topoSet FETEIE o] &3A
faceZone= WH5©] Fo]of sir},

3.2.2.2 AAZA, ‘0 E99 HAA
‘0 Zro He3 3de 3.2.19 MRF d#1¢F & L3tA U, p, k, epsilon®|t}.
AMI 59 AAZA typed B dUoA cychcAMI ZAS AFE-3

p, k, epsilon F}d-& A= F7tE AMIL, AMI2 F 712 W& cyclicAMIZ A4 3
A 9ol 3.2.12] MRF <Ale} Fdaic),

U oA 3]sl He £ 5= movingWallVelocity 2718 AR&3th. A A slaL
Ji Wl movingWallVelocity Z#A& ZItHE AFE3I% no-slip =79l

fixedValue (0 0 0)3} & Z7o] Hr}. t}L-& U gde HAo|t},

// sk sk ok ok sk sk ok sk ok sk sl sk ok sk sk sk ok sk ok sk sk ok ok sk ok stk sk sk sk stk sk sk sk sk skesk ok sk sk sk e sk sk sk ke sk sk sk sk sk sk sk sk ook sl sk skokoskok sk skokosk ook skokokoskskoskskok //

rotor
{
type movingWallVelocity;
value uniform (0 0 0);
)
stator
{
type fixedValue;
value uniform (0 0 0);
}

// Sk 3k 3k 3k ok ok ok ok ok ok sk sk sk sk sk ok sk ok koo ok sk ok ok sk sk ok sk sk kook sk skoskok Sk ok ok ok sk ok ok sk sk skok skok sk sk sk koskok sk skokoskokoskok skok skokok ok skokoskokskokskok //

3.2.2.3 ‘constant’ ZT 9] 4
‘constant’ =9 HQ3 FIL& 3.2.1¢9 MRF o#¢ RASProperties,
transportProperties 3¢ ]9 turbulenceProperties, dynamicMeshDict I} o]
2 8 st}
turbulenceProperties 3}&-& solverel] Wz L3 HAE Qi1 old AS®
t}. simulationTypeS A A 3] 4| laminar, RASModel, LES 5& AAg 4 9]
t}.

dynamicMeshDict Y& T3t 4 AxAS & AAse gdolr. -4
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A % (rigid body motion)¢1#] 6445 £%501X 5& MAsI 19 wpel =
Q3% A e FH. FJHAY 52 solidbodyMotionFvMesho & A A&}

[e)
solidBodyMotionFVMeshCoeffsE th&3 Zro] A=A slr},

dynamicFvMesh solidBodyMotionFvMesh;
motionSolverLibs ( "libfvMotionSolvers.so" );
solidBodyMotionFvMeshCoeffs

{
cellZone rotor;
solidBodyMotionFunction rotatingMotion;
rotatingMotionCoeffs
{
origin (0 0 0);
axis 00 1)
omega 6.2832;
}
}

9 Aol HAA-AE AL ‘rotor B cellZone©] origin, axis, omega®l A A% 3]A
= = 2~ o
A, 3l F, AdEEe] o FARIYgE Aot

3.2.2.3 ‘system’ EC¢9 A
‘system’ Z0ol+= 3.1.19 oAI9F Zo| controlDict, fvSolution, fvSchemes ¥
o] Aa3stH fvOptions FY2> HE o] ALxdrolL; Ag o] glupd Za gith

- controlDict

pimpleDyMFoam2 W] A4 E] solvere]”] wjiol 3.1.19] oA} tfE A Ao
2 71X HQslt). 94 time step sizeE A Fojof dt=d LA IS F
WA I adjust time step”| WS AFEstE WHo] Atk Adjust time step2 max
Courant number& AAetaL o] Fro] dA L¥=F time step sizeE: FTH3HHA
Akt W2 o]t

Adjust time step2 AF&E ] writeControloll W all adjustableRunTimeS A&
sHAl =W AAZE AR A dHolEE AR 5

o] Al A controlDict ¥ v Zo] AAHEo Qlrd. Max Courant
number’} 0.55 dA &+ time step sizeE AF&3H 5274 AAstE &<t 0.1
Z A SR HeolHE A4t xxiolth

i}

[

application pimpleDyMFoam;
startFrom startTime;
startTime 0;
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stopAt endTime;

endTime 5;

deltaT le-3;

writeControl adjustableRunTime;
writelnterval 0.1;

purgeWrite 0;

writeFormat ascii;

writePrecision 6;

writeCompression off;
timeFormat general;
timePrecision 6;
runTimeModifiable true;

adjustTimeStep vyes;

maxCo 0.5;

// 3k 3k ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok sk ok ok skosk ok ok sk ok skeok sk ok sk sk sk ok ok sk sk sk ok ok sk ok sk sk sk ok ok ok sk sk ok ok ok ok sk ok ok sk ok skook sk sksk sk skok sk kok okok sk ok kok sk ok sk ok ok //

- fvSolution

fvSolution Al HIAGE solvero]l 7] wiizol 3.1.19] oA|e} th& Ao & 7}
Al &8st

3.1.1°0 A= ‘solvers’ dictionaryol 4l p, U, k, epsilon® A X. dictionaryS 27
P+=d Ag7|M+= o]9F t]Eo] pcorr, p, pFinal, UFinal, kFinal, epsilonFinal,
cellMotionUxell tgt A H. dictionaryE A3 Fofof grl.

simpleFoamoll Al A& F9H SIMPLE dictionary ™2l PIMPLE dictionary=
2 7&l Fojof gt} PIMPLE dictionary®] A& thg3 2o}

// 3k 3k ok ok vk ok ok ok ok ok ok sk ok sk sk sk ok sk sk ok sk ok ok sk ok ook sheok sk sk skl sk sk sk sk ki ok sk ok sk sk sk ok sk sk st sk sk ok sk ok sk sk sk skl skosk stk skeoskoskok skok sk skokoskok skok skok skok skok ok //

correctPhi no;
nOuterCorrectors 1;
nCorrectors 2;

nNonOrthogonalCorrectors 0;
pRefCell 0;
pRefValue 0;

// sk3k ok ok ok ok ok ok ok ok sk sk ok sk sk ok sk ok koo ok ok ok ok sk skook sk skok ok ok sk sk skook ok sk ok ok sk sk ok sk sk sk okok sk sk sk skok sk sk skok skokeskok skokoskokokoskoskokok kok sk okkosk sk //

- fvSchemes
fvSchemesol A+  ddtSchemeS ‘Euler’ =& ‘backward = A A3l

fluxRequired dictionary®l| pcorr& F7}8 FH Ht}.

off
il
TN
©
N
:(I)L_"
tot

X

A 27l shfell s ARk
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AX AAE AAstL F7)(cyclic £& periodic) AAZAS AMEdE 457 &
el s drobx =}

-

o] 9t} OpenFOAMONA F7] AAZAS ALget= WY

A7 A 229 BAA skl el el R

ofgfe] 2H2 Ul /e A
s

A2E A o o] t}.
"T—
—— Stationary
cellZone
: :
| G
[ ;
L ;
cyclicAM| :
:
i
!
J_.l
Rotating ¢
cellZone
a7 3-6. 771 21 A& A& At 99 24 AF

OpenFOAMOAN A= F7] AAZAS cyclicol&tal FEt}. Cyclic AAZAL S
3l TLdS w AFE ThEe 7ol ey AA

Hie 7 ol WA At ¢S
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wANA tE H= 7 Wl AxE 48] s A AsheE AL ofH Yol
o] e AAE zte AgoE AREE e xxlo] st us HE F
el A 27 wde] 7 WS AEF o] AR A Eojof stEE cyclicAMI

cyclicAMI Z#71-& sliding meshE AF8& o] 3Jd FH3 Gx| G Alolo] QI
Hlo] A Aol AFEE 2y e ZAoln, AR YLe 2F tET
< of| A o] A T 7] 9] o] 5] cyclicl, cyclic2e}ar
../constant/polyMesh/boundary 3}golA + W] AL tpS3 2o

o
O
(2

// 3k 3k ok ok vk ok ok ok ok ok ok sk ok sk sk sk ok sk sk ok stk ok ok sk ok ook sheok sk sk skl sk sk sk sk skk ok sk ok sk sk sk ok sk sk st sk sk sk sk ok sk sk sk skl kool stk sk stk skok sk skokokosk skok ok ok sk ok //

cyclicl

{
type cyclicAMI;
nFaces 3190;
startFace 250778;
matchTolerance  0.0001;
transform rotational;

neighbourPatch cyclic2;

rotationAxis (00 D
rotationCentre (0 0 0);
rotatingAngle 90;

)

cyclic2

{
type cyclicAMI;
nFaces 3190;
startFace 253968;
matchTolerance  0.0001;
transform rotational;
neighbourPatch cyclicl;
rotationAxis (00D
rotationCentre (0 0 0);
rotationAngle 90;

)

// sk e ok ok sk ok ok s ke ok sl sk ke s e s e she e sk s ok 3 ode s ke sheode sk ke sk e sheoke sk 3k she sk she 3k ok sk e s e sk ke sk e e ok sk e ok ok she sk ok s ok ok sl sk ok s e sk e she e sk s sk sk ode sk ke skeske ek sk sk //

transformol] 3t AA LS rotational® <+, rotationAxis?} rotationCenterZ
Fx 2 Y488 =} rotationAngles F7|Ho] HHo] old 7 f-ofnt &3y 7}
E(degree) #& A3l ot

MRF Z:2s= viRb7EA 2 fvOptions 3 oll4 AA k=t F+ 7ie] 74

o

3] 8}
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// 3k 3k ok ok vk ok ok ok ok ok ok o o ok ok o ok vl ok ok sk o ok ok ok ok ook obe ok ok ok ook ok ok sk sk sk ok ok ok ok sk sk ok ok ok sk ok sk sk skok sk ok ok sk ok sk sk stk kol kol sk skokok sk sk sk ks kok sk ok ok //

MRF
{
type MRFSource;
active true;
selectionMode cellZone;
cellZone rot;
MRFSourceCoeffs
{
nonRotatingPatches (cyclicl cyclic2);
origin 0 0);
axis (00 1y
omega 5;
)

}

// 3k 3k ok ok vk ok ok ok ok ok ok sk ok sk sk sk ok sk sk ok skeske ok ok sk ok ook she ok sk sk skl sk sk sk sk skok ok sk ok sk sk sk ok sk sk st sk sk ok ok ok sk sk sk sk ok sk sk stk sk sk stk sk sk skokokosk skok ok ok skok ok //
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3.3 @xd< 34
AL F5o ddY S s OpenFOAMo] A¥3l= FEF solver(standard
solver)= U3 2t}

BuoyantBoussinesqPimpleFoam
buoyantBoussinesqSimpleFoam
buoyantPimpleFoam
buoyantSimpleFoam
chtMultiRegionFoam
chtMultiRegionSimpleFoam

D=2 At v Boussinesq 7FAS AF&E= %9} thermo moduled AM&3}
= 45l sl Z+7te] solvert A/ dElel v e solver® FEH T 1¥
I FAeE A dAES s A B3 AP (conjugated heat transfer)
A As g A EH 2 uAGGE solvers Alw ettt BAGAE &4
7162 Boussinesq 7Fd& AFE3IE solverdl A= #la5 A &=t

A A(region) .2 U590 AAEE multi-region WS ARE3
aA ] F9es W= T G99 AAHAA HolHE ¥
ARk Al 5 aAle] g sty dae gle
(region)°] & + AUtk
$FOAM_TUTORIALS/heatTransfer/chtMultiRegionFoam/multiRegionHeater %

Edd ZAE ol &M FIFAdE TA] A WS dotrat

B
£
v
=
1o
Biiy
ot T
2
ro,
o2

ofefe] Ziglol At Fq3 A

[

=3

LHER AT

tlo

74&dl T 2 389 zA| G A(heater)’t 93 2 FH9o] 1A G IE(eftSolid,
171

rightSolid)e] At} HZFdAE F717F E2+= FA9 A (topAir)e] QL ofFol =
Eol 32+ FAIYY(bottomWalDe] Stk F7]= 0.1m/s 52 Y &2
0.00lm/s9 &2z FYEt. 27]9 25+ dAl7} 300K ©]|™ heater?] o}

o] 500Kz AAsHA Fo14 A
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-

. rightSolid(blue)

topAir(gray) Ty

leftSolid(green)

heater(red)

0_601 m/s bottomWater(yellow)
water .

adiabatic

\Y

Fixed value
500K

A

ait)

3-8. &

i)
1
=
iV
%
1%
M
2
1o
£

=5 (laminar) 715 AF83F3L chtMultiRegionFoam solverE AR8-3hc},
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3.3.1.1 multiRegion solverd &9 T%

multiRegion solveri= OpenFOAM®] WAl =] Zrjo] Fxo+= X7 U=
o} dRkAQl OpenFOAMS] 2 #9 F+x+& “07, "constant”, "system” Al 7] <]
Tz A 1 ol 83 gdEo] EAg. 181 multiRegion solver?]
4% “0”, "constant”, "system” ET] ¢toll 7} dH(region)] °lFE e EuUt
EAlskar zbzbel E offe] 1 F ol fFsk= “0”, "constant”, "system” ol 3l

FEE gYdE9] olo]o]: 3}, “constant” T+ regionProperties o] o]
oF 3tt}.  controlDict Y-S “system” =T ool ook il fvSolution 3}
2 “system” EYS ZF region ©ol§¢9 # 101] JojoF 3t}

Mo

chtMultiRegionSimpleFoam¢l 74 -%-o “system” &9 fvSolution 3¥-2 §lo]
L=

B dA et Zo] topAir, bottomWater, leftSolid, rightSolid, heatergb+= tAl 7l
o] o] AutH EY Fx+ oo 1H ¥ Ao

caseDir
0 constant system
topAir —  topAir —  topAir
-~ bottomWater - bottomWater | bottomWater
—— leftSolid — leftSolid 1 leftSolid
—— rightSolid —— rightSolid ——| rightSolid
heater heater heater
regionProperties controlDict

—— fvSolution

a9y 3-9. B3 9 BAe Y 7=

3.3.1.2 AAZA - ‘0 &9 A
‘0 =Y ool YA 7HA region? &S e EU7F Qa1 ofel| 7t



regionol d@st= U, p_rgh, p, T 9 3do] lojof 3t} topAir,
bottomWatert A Qo] leftSolid, rightSolid, heater: LA & o|t}.

o= B Q3 U, p_rgh, p WA ZF AAHE calculated =0 A A3}
Hr}.
2y doe] AAxAS v 2k

topAir

topAir+— minX, maxX, maxy, minz, maxZ, topAir_to_rightSolid,
topAir_to_heater, topAir_to_leftSolid®] 8702 A Aol 3l

minXT 52 Y7ol maxXE 52 &=7°]t. maxY, minZ, maxZ+< no-slip
wallol® U= uAgd 93} Hsls= WO R mappedWalle]gk= patch types 2t
=t}

mappedWall®] 7 -$-i= constant/polyMesh/boundary 3} 4] patche A4S A
)&= dictionary©ll 4] sampleMode, sampleRegion, samplePatch®] A 7[#A]& A
Aall Fo]ok &t} sampleMode nearestPatchFace® %33l sampleRegion
Hole g8 998 HAH] v}, samplePatchs Hdls 999 sidss FAAW
9] o]l&S& HAs F=rl o= S0] topAir_to_heat®] ZA$E oldlet Ztl. heater
Ao topAir_to_heater® ¥} 72 9 X]ol| heat_to_topAirgh= o] S Aot}

//*****************************************

topAir_to_heater

{
type mappedWall;
inGroups 1(wall);
nFaces 40;
startFace 3890;
sampleMode nearestPatchFace;
sampleRegion heater;
samplePatch heater_to_topAir;
}

/ 3k 3k 3k ok ok ok sk sk sk ok 3k ok ok ok sk sk sk ok ok ok ok sk sk sk sk sk sk sk ok ok sk ok sk skeoskoskok sk ok sk ok

AAZAE wall} mappedWallel 4] += fixedValue (0 0 0)S AFg3th %
T2l minXel A& fixedValue (0.1 0 0)& AFg3T} %59 =72 maxXol

o i

A
-
,q:
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A% inletOutlet =78 AF&3tt}, inletOutlet 272 f-5°] wAYZ d=
zeroGradient 2715 AF83lal E0]& W= inletValue® AA 3 4& ARt
ot AAIZA(p_rgh)2 wallZ} mappedWallell4+= fixedFluxPressure Z7 o4
zeroGradient 27& AHE3TE fFE9 E79lAE fixedValue 1000005 AH8-3}
I 59 Yol A= fixedFluxPressure =& AF&3Ht},

=% AAERAL walldld = zeroGradient 23S AF&3th f59 YFolx
fixedValue 3005 AR&3tal &9 Z7T94+= inletOutlet ZF=71E& AREgHT
mappedWallol| A &= A g < 9 e AA = ofof = 7] 3ol
compressible::turbulentTemperatureCoupledBaffleMixed Z71& A}&3th A&

W2 thaa 2k

_I_z
rr

(

o

//*****************************************

topAir_to_rightSolid

{
type compressible::turbulentTemperatureCoupledBaffleMixed;
value uniform 300;
Tnbr T;
kappa fluidThermo;
kappaName none;
}

/ sk sk ok ok ok sk ok sk ok ok sieok stk sk ok ok ook skoskook skook skok skok ok skokoskokkokckkok ok

bottomWater

bottomWater+ minX, maxX, minY, minz, maxZ, bottomWater_to_rightSolid,
bottomWater_to_heater, bottomWater_to_leftSolid2] 87§e] AAWHo] Ut} &
P78 £X7F 0.001%0 AH} & =79 4ol 0% As ALsid BeE AL
topAire} & A3}t

heater

heaterol= minY, minZ, maxZ, heater_to_topAir, heater_to_rightSolid,
heater_to_leftSolid, heater_to_bottomWatere] 71 ZAAe] 9Tl minY,
minZ, maxZ¥ patch type©]™ heater_to_topAir, heater_to_rightSolid,
heater_to_leftSolid, heater_to_bottomWateri= mappedWall type©®|t}.

DA GG = SE(DE A|Q3 RE 3D calculated 2HS ARSI
minY+ fixedValue 5008 AF&3}3l minZ, maxZi: zeroGradient 23S ARE3
U}, mappedWall®] AAIZAL FA4 oAt 22 21& AFE3HAI T kappa©l
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o

rob

A AZR solidThermo® thEt},

//*****************************************

heater_to_topAir

{
type compressible::iturbulentTemperatureCoupledBaffleMixed;
value uniform 300;
Tnbr T;
kappa solidThermo;
kappaName none;
}

//*****************************************

leftSolid

leftSolidel+= minX, minZ, maxZ, leftSolid_to_topAir, leftSolid_to_heater,
leftSolid_to_bottomWater®] A7l ZAHo] k. minX, minZ, maxZ+
patch type©] ™ leftSolid_to_topAir, leftSolid_to_heater,

leftSolid_to_bottomWater= mappedWall type©]t}. minX, minZ, maxZo|+=
zeroGradient=71S A3t mappedWall 272 heatero| A9} 22 ZAES A}
&3k,

rightSolid

leftSolide} &2 WHo =z A4

ot

ot

3.3.1.3 ‘constant’ Et© A
‘constant’ ZT] o}l thAl 7}A] regiond °o]EL z':= Zr ¢} regionProperties
el gl
regionProperties 3ol A Z} G o] FAH|AX IANRE A& =) A
< s 2

//*****************************************

regions
(

fluid (bottomWater topAir)

solid (heater leftSolid rightSolid)
)
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//*****************************************

FAFS ol o= polyMesh #U %} g, turbulenceProperties, RASProperties,
thermophysicalProperties, radiationProperties 3do] ¢la, Aol =
polyMesh =1 ¢} thermophysicalProperties, radiationProperties 3% o] Jt}.

<9 (gravity)
g Jde FHE dAst= Ul o3t o] AA3

/ sk sk ok 3k 3k ok sk sk ok 3k sk sk sk sk sk sk ok sk ok ok ok ok ok sk ok ok ok sk sk sk sk sk skoskosk sk sk sk ok okok

dimensions [01-2000 0]
value (0 -9.81 0);

/ s sk ok sk sk ke sk s siesk stk sk ok sk stk sk skok ok sk skokok ok skokskokok ok

thermophysicalProperties
thermophysicalProperties 34 EA4#S AAsS= 34
dictionary® A Astar 1o wa} mixture dictionaryE A A3t} thermoTypes

type, mixture, transport, thermo, equationOfState, specie, energy 52| 7]9=

o]t}, thermoTypeS

=

£ zt= dictionary©] t}.

type : hePsiThermo®} heRhoThermo, heSolidThermo &°] & 4
hePsiThermoi= compressibility®l] 7]4¥tsle] G824 EAS ALt ﬁ}t W o]
™, heRhoThermot BXkel 7|wtsto] dAsta] &A7kS Atsts Boltt

mixture @ 3}t g AAHOE  pureMixture, reactingMixture,
multiComponentMixture, homogeneousMixture, inhomogeneousMixture,
singleStepReactingMixture & &7} A o] 7153y 2 oA £ dd 3}
skE£ o] FEAo A= pureMixturez A 3k},

transport : AAATE A= WOt const, sutherland, polynomial
o= AHEE T

5 T
thermo : AYHE(Cp)S AAsI= HHolt}. hConst, hPolynomial,
hExponential, eConst, janaf < A& 4 it}
equationOfState :  JEA S YeEidl= WHolth. PerfectGas,

incompressiblePerfectGas, icoPolynomial, rhoConst, linear < At&% 4 <l
=3

specie : 3}8E 9 E54E UERE AR specieds AT 4 T
energy @ NUAHAH2S <l =

°1A] & A¥3lt}. SensibleEnthalpy, sensiblelnternalEnergy, absoluteEnthalpy
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//*****************************************

thermoType

{
type heRhoThermo;
mixture pureMixture;
transport const,
thermo hConst;

equationOfState perfectGas;

// equationOfState rhoConst; // for bottomWater
specie specie;
energy sensibleEnthalpy;

//*****************************************

et e HAHA mixture dictionaryi= specie, thermodynamics, transport,
equationOfState Yl 7}# 7]9==2 FAAHC specied| &= EAEHE,
thermodynamicsoll &= A YR A (Cp)et BAAYX(Hf)E, transportoll = A A G2}
Prandtl5E 73t} equationOfStateE perfectGas® A3 topAird 7§
mixture dictionary®ll  equationOfStatex= ZL2§AT  rhoConst= AA S
bottomWaterdll+= equationOfStateo| A LWEZS A3 Fr}. & gAdAE ey
2t

o o o

/ ok sk ok 3k 3k sk sk sk ok sk sk sk sk sk sk ok ok ok ok sk ok ok sk sk sk sk ke ke skosk sk skeskoskokck sk skokokok

mixture
{
specie
{
nMoles 1;
molWeight 28.9; // 18; for bottomWater
}
thermodynamics
{
Cp 1000; // 4181; for bottomWater
Hf 0;
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}

transport

{
mu 1.8e-05; // 956e-6; for bottomWater
Pr 0.7; // 6.62; for bottomWater

}

equationOfState // for bottomWater onpy

{
rho 1000;

}

//*****************************************

a1 A

d Ao A= thermoTyped mixtureES thS3p 7ol

s
o2l

/ sk sk ok 3k ok sk sk sk ok 3k sk st sk sk sk sk ok sk ok ook ok sk sk sk sk ke ke sk sk sk skeskoskoksk sk sk sk kok

thermoType

{
type heSolidThermo;
mixture pureMixture;
transport constlso;
thermo hConst;

}

equationOfState rhoConst;
specie specie;
energy sensibleEnthalpy;

mixture

{

specie

{
nMoles 1;
molWeight  50;

transport

{
kappa 80;
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thermodynamics

{

Hf 0;

Cp 450;
}
equationOfState
{

rho 8000;
}

//*****************************************

radiationProperties

radiationProperties ¥do| A FHAlG Ao 73 HAAHS 3},

Al AGS ¥R = 7 $ radiation 7|9 ES off2 AAsITE,  EA}
S 33 A S radiation 7|YEE ono® AASA radiationModel S A
Jof sre= S

radiationModelol| A A& 4= A= AL Pl, fvDOM(finite Volume Discrete

Ordinates Model), viewFactor, none®] 4| 7}#] o]t}

12 12
QL
Rong

EAld Y RES el githaA solverFreq, absorptionEmissionModel,
scatterModelS A3 =t} solverFreq: %53 o] 2 W iteration® vlt}
EAL AGES 3 W AAEE AQAE AAHS= Aot} absorptionEmissionModel

= Aol Fet WALE Aljtele W oE v HiZbA ol

constantAbsorptionEmission

binaryAbsorptionEmission

noAbsorptionEmission

wideBandAbsorptionEmission
nj A o] Abgk mdlel scatterModel constantScatter?} nones AR&3H 4
Pl 2a$& A28 W= Incident radiation intensity, Gl WHE4E AlA
ghAl 0 9ol Gt 3dS w50 Fojof g
fvDOM R 22 radiation intensity®] w3+ radiation transport equation(RTE)<
ALkst=d 0 &9l [Default Y-S whEo] Fojof gt} viewFactor 2&& 74
AHE Alolo] JEALE AR Aibele ASE Ui wjdo A BAGHdEL 11y
st ket webA frE ALkl A AAMES] viewFactorg WA AXE] F
viewFactorGen 22 E]E Ab&3lo] AlAsl=t], faceAgglomerate FE 2 EE
A Adete] ALY g84S w9 F Urk faceAgglomerate FE

.
. u

p

o vo

fror
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viewFactorsDict 3ol A A 3yulHS A3},

A A= BAGHAG S 3 ekA] et

3.3.1.4 ‘system’ E¢] 4
‘system’ ZU 9+ controlDict, fvSolution, decomposePar 33} A7
region ©°]&< z'+= ZU7F Ytk ZF region °]l&9 EYol=  fvSolution,
fvSchemes 3} o] glojof gt}
‘system’ T di=  fvSolution FHYdli= PIMPLE dictionary %
nOuterCorrectors %+ A3t} t}E fvSolution®] A E3} fvScheme? HAAE
< 7} region °]F°] &Y <tell Sl ol AA
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3.4 5 Y

OpenFOAMY] %< VOF(Volume of Fuild)E 7]Wto = <4 =l
AR Qe TYS AL o, 24 HEe 1 o]de] A tEiME A48
T AEF FHo] rheetth. 1Elal FHMESE 9%

local time stepping), Dynamic Mesh glo]Helg]E &3 454

0], Multiple reference frame(MRF)o] A81& o7 A}E7}538lal thaAid of 2o
ek A =3k ThsskAl Hol Utk ok Ee s s S 91E 71 solver
2 5AS EFe] yEdglt ol9jdl F7F Teor 8% solvers
OpenFOAM User Guide©l] #}A3] 7)< o9

5o 4] Aldl= A AE OpenFOAMS| tutorialsZt ol 58 solver?] o|&
o2 Ao da, 1 Foll ol AE TAE AR st da 2 TA g
E Sl Felafof g},

3.4.1 VOF 2&< ©] 83 weir flowsl|H
2 A VOFRHES o] &3l Hol &Fo] ¥4 ZHurte oS 2xdo=® a4
Sk oA o]t}

- tutorial HA}

ZA12] OpenFOAMY A 9] run ZU & Tutorials®] WeirOverflowsS HAFsFe] A%
=g

$cp -rf $FOAM_TUTORIALS/multiphase/interFoam/ras/weirOverflow $FOAM_RUN

AL F we erVerﬂOW«] iﬂ otol 0.org, constant, system ZC7} FA o] ok
AllrunZ g2l & & Ao o47]elA Allrunel] sj@dsts o

T S o)

Allruns A3 B cp -r O.org 0= O.org ZEE 0FHE HASt] Fr} o= 4
o Aot =7gks Ao H83d FAdEo] Eoldnt. =S F&t] f8 271
stdo] FAZH A A st7] #& O.orgehil whEo] & Aotk &2 blockMesh
= 53] AA= AWAISHAL, cp O/alpha.water.org O/alpha.water.® HA}3kt) o] &

z719de) Yo7 & WA|etr] g WHolt. 18 il setFieldsE &3 A&
o ugk x7|3ks  H-oJslal, ‘getApplication’e]  ASEAl Hrh o 7]l A

‘getApplication’o| = system@] controlDict®] application ©]&¢! interFoamo] &

o] oA Hr}. o]2A ZEHo] HYsHA Hrt
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- blockMesh

blockMeshE &3}A ¥ constantZ 2] PolyMeshZ1 | blockMeshDict®
FH Azt ARE ¢jo] AAE A AARAS FostA k. & dAE 2
21 1A Al o] A 9F OpenFOAMO A &= 3wt %] 1%k} :LEHH z Wako 7=

AxbE g JhRE A st BAIZZANA empty® A dte] 23k} L SAlS
gatA ot A AR AR verticesE F 24/ME FAEH Jdu 18 3-9

o] MeFwd #HE7F ®71Ho dvt. @9 metero]th blockMesh: A& AAE
TEo] T o] wite] & dAet 2 FAS 579 A EFoR U
o] AxE AAEA H} vpAH o & blockMeshDictoll &= ZbHo] el AAZAS
=]
]

ol gttt o 7]l A= inlet, outlet, lowerWall Z12]3l atmosphere® :IL}?? °] i
U A el tfaiM = A4 o2 empty® A2 €T
{18,543 {901,540
£23 £3) 4y
@30 (15,30}
i 1]
18 0.0 (368 0,0}

13 3-10. ==

- EAA € AA# AR

A &l A oﬂ/ﬂ A S TSty ek AAERA, 27, =T A4 E s
a3k sepgE AAsta dAE st A "tk OpenFOAME ©]
a‘?ﬂ Axapel] we sjAS Fasty] g VRS WA Ak Fhr
AZzALE AxEA Al constant/polyMeshZ1 o] boundary®] A ETE 2 oA
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l'lTl'Hﬂﬁ]‘.lE'lE'rl_‘

inlet

Weir
{loworWalli

lowerWall lowerWall

AFFA) B, FH, GRS BAAE constantEFHl 1o GFE
Sol £gFo] Ytk FHL gohdol AFs M, Agse AAA) FHYFE 27

+A19] &4 A= transportPropertiesdt o] F=51, 2 oA} 2 vt
Fo A5 Aol wE bFe E4AE dEeA "ok Aq7]elM = =3 7] 1
aL 7] Abolo] WA #HAE AG sigmarzlt A AT

FAREo tigt A4S turbulenceProperties 3o RASModelo]#al 2Hd ghoy,

A2 0EHolA Zask AAg R 27Ee o ARt
2z 0

2L
nj
S
X0
rlr
=5
o]
oy
o
=
&
(@)
=
i
oo o
rlo
(i
(o]
<!
@)
)

Y

dimensions [0 O 0 O 0 O 0];% alphad] ALz vehly AE Qolm

Yo 945 & S 2t} internalField uniform 0;2 Z7|#to2 Y& &7t
Aoz YERAT a Lo AA#SZ alpha®] inlet E}
variableHeightFlowRate & f&Fo] FolxH FF3e =ol& Agst = 9=
AxHDoR A7 A= FHA 0.0014FE Hd 0.9704 &-&stal dtt. Outlet 7
z49  Ejle  zeroGradientz AEAS Fodu. e AAxHo
lowerWall®e FoJ3tt}. 18] 31 atmosphere?d B2 inletOutlet A A Z7A

o
=
sttt o] AARALE VEAHoRE fFEXolY AXtEY woem FEd A

r® ¥° -d

o 2 M o oo o
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o] A8Ha AL <t E FYdd A inletValue® 2-&stA Ht). mhA|
2o 2 defaultFaces? EFYL empty® F-oste] 2219 sAo] 7hsstes i),
Empty AAIZ1S A& THAEAIA 129 oy 22k a4l 7heetes vt 74
AZ7A % alpha.waterdgd o] W88 ¥ B3 YA U, p_rgh, epsilon, k, nut
T O =X AAEA BHA sk A g

- SetFields

OZtleld AAe AAG: R 271%s dgstar, A g o] Ao W9

TS FostAY %2718 s7] $18] setFields# utility7} A& "t} setFieldsE 2

33t7] 93t setFiledsDictdd 2 systemZH ofg] dth. ¥ oA 9] setFiledsDict

& AvEd b33 2o

Alphaell gt 27|32 Fog Hol vk 2glal 99 date= Pl alphas
BE Eo] 271el APt box (=100 0 -100) (0

RURN
o

%,

X,
o

A 2 systemZEU Qe controlDict, fvSchemes,
fvSolution, setFieldsDicte] 1Tt} controalDicts= aflAlo] o3t A=} A A
bl tisl 7] Fatolth 2 dAldA s 2239 T interFoam$
AR&skaL 9Lt

startFrom2 3]419] AlZ} time directory® A3 FE FEolth o7]AE
latestTime &2 ¥ o] Q3L wpx]9} time directoryoll Al A& Al 2tslels 2v] o]
o]9lo]| == startTime, firstTimeS AAHE 4 o}
startTime 341 AJZHS 9wttt o 7|l A 0z} 7F4dstal ALbS Al &bt
a3l stopAte A AXES B AQMAE Ashe sAHolt of7]oA =
endTime Y= AIZM7HAZ AlA Uk ol9)dx nextWrite, noWriteNow,

writeNow7} AF-8-2 4 Qi)
j Y

A

deltaT= 4] AIZIMA S YebfaL o 7]l A& 0.001% % F3Ath AZIEAe] &
o] Ao} gt = dolEEH digh €34, 932, 893249 Jg%, =
g2 5o F EAEY. 1 tEE Atel dig A AgEE AT
maxCo+= HUW Courants, maxAlphaCox= VOFE &4 Al HW Courant F,

maxDeltaT+= Ho| A 7HHA S YERdT

o AR, WAV 28 flux ol #AlE W82 systemZEH  ofef
fvSchemesTt o] F55 o] rt. & oAl = oh&3 Zo] FAHT

A A 22 ABER7IEE YEblaL v o7]el M= Eulers ARE-tal At
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79l Gauss Theorem¥} A3 BHIFS AREStt}, 28] diiFda) whakglel o s
Az Ao ARek TR V|HS A&t of 7|4 AREE U vIHe AE
E} o]t}

a zZF A AS E7] 4

fvSchemesol Al 247429 FAHE& F2 ThETh 18

3 AAL system =T ol 9] fvSolutions E& A A3

2 dAdAE VOF, o8, 5%, d7E 7] 9 FAsHS MEdo=z yd

&l =¢kth. Alpha.waterv= VOFE £7] 918 wiZ/fHF 3bs A Ag, oF9

d R sIHS AFE3aL ¢9)a1 o] Preconditioned Conjugate Gradient Method=

Uebdtt. 1#iA preconditioner AA  FEol Utk o7|A AMEHE DIC =

diagonal Incomplete-Cholesky®]t}. &% WA2A Y} FFUA 22 smoothSolver

2 symmetric Gauss—Seiddel& AF&St) o 7|7bA] Z2F WA A H S AA

atal, SIMPLE¥} PISO7IM& ¥% PIMPLE 7|Ho=® &% J
PAaAs el s WA o= AME sk Z|Holth. 1HiA EE

2
ol -5 =olivh adlal FAAE B W FPEA =olin

=
ddo dakes e 2o 10 AARA, 20 244 R A=Y, 30 27138 4
A

A8kl 5. Ado]lal Terminaldl

BlockMesh
cp O/alpha.water.org O/alpha.water
setFields

interFoam

o] A= AdstA

- X4

OpenFOAM®] 7] post-processers paraviews= AF&3l7, OpenFOAMS] Z 3}

5 estr] A F7h7lsel vsixl paraFoams AREETh Terminal oA
paraFoam< ¥t A= &g 4 Ut
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paraFoam< &3l 7]24<Q 59 A F Afte] WE 594 Fd& 75 st

- IT 7O [e)
iAol AAT Bl 5907} obdel Wt nE ol Fo| Teste fEANS
42 5ok 53 el HE UL W ¥ 23 dAsE FES FA T 5
gtk oA EvElA obel 1 ol pwd'etm PP @ AA 4 F9
Ero) 4R fe & & Ao

- HEA dA HY
HYAS Y= system=ZT ¢kl decomposeParDictd & o] lojof s}, 1
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T4 e 2
numerOfSubdomains 4;= CPU i CoreZ} ®olof = 4 d9S v
ojt}y. of7lo|A HgHo] 42 4709] CPUHELE CoreE AME3HA ©t}. method
scotch; = @I EEE scotche WHo= et AgGojgh FFo|H

= AHE 4 3tk Scotchtt metisE AR A5
Aot gFolr= Hvt. Simples AMEE 45 ofg Fito A4S
FAsto]of gt
W34 -2 terminal ol A

$BlockMesh

$cp O/alpha.water.org O/alpha.water
$setFields

$decomposePar

$mpirun -n 4 interFoam —parallel

o
ar

%
1
M o

A A7E 7t ZR2A Ao o} R WHE7] 93] Terminaldl] tf
ks

-

jins —1011
rot

dlo

o] ]
$reconstructPar
$paraFoamo. = A3} ¢l
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4, A-Z* 8 Utilities
4.1 snappyHexMesh

4.1.1 snappyHexmesh 7|5 % A AAAA

snappyHexMeshi= OpenFOAM Wol &= ZAx A4 FEHIEZ WA AAE
ZIHFo 2 A= 02 meshE WEo] FE 71%5S 7HA 3 9ttt Geometry3 Ao =2
stl ¥ o2 | 39S 7HA AL refine R snapdgS AA FHA B GHHA cell

kel AxlE wrEo] Frh Egk F7HH o2 prismEH Q] layers YT 5

=0 =
=2 = i =
L
blockMesh | stion
[feaiure Li ne] ( .
e ‘ constanl| ‘ system |
(] e et . )
RN lPU'lijesh] itl’iSurfa:e‘ ——— snappyHexMeshDict

| | ——— decompossParDict

LS
blockMeshDict <[asest>
® f——  surfaceFeatureExtract icl
l ——— controlDict
addLayers — fvSchemes

———— fWSolution

1% 4-1. snappyHexMesh 4 %2 Zroj4t%

snappyHexMeshE 9 &l4 WA snap¥ refines 913+ blockMesh®} stl 3745
2 AFsl7] 98 feature lineS A& oF 3o}

snappyHexMesh= & 39@AIZ o] HU}. castellat, snap, addLayer®] ©AlE
AA FHEHSZ mesh FHE St AAE WhEo] T/ o
OpenFOAMsolverg AH&-3H= 213 wh7FA & snappyHexMeshE 984 7]+
A EUTx 2 FYES 7HAAL dofof sk 19 4-19 L EF OHe EHE
I GAdES VIEHom AT AEolA AxE wE 7 A "k
snappyHexMeshDict 3t 2] W&o &)X 4.1.4dA zAS] 2 B 7lc)

4.1.2 blockMesh 7% 2 W&
blockMesh® OpenFOAM Wl = Ftekst o] SHA AAE

o
il
4
%0
e



e 2lElolH, snappyHexMeshE F83}7] fslA = A3 TAZ blockMesh
dE =z WA 73 AaE s Folof gt

blockMesh FEZEE F3st7] YslAd= OpenFOAM case =0 <ho
constant/polyMesh &t} $X]9l| blockMeshDict ¥} o] glojofnt 3ivl Eud #
o] blockMeshE &3 blockMeshDictatdoA A3 AAARE 7|Hto g
A27F wHEoi A o] AXlel| tigk JH I} constant/polyMesh ET] ol AJido] #
t}. AAA X = points, faces, cells, owner, neighbour, boundary ¥ &9 A%
o] & ol3l

blockMeshDictE TFA3%t= W& convertToMeters, vertices(ZFAF), edges

(24 49]), blocks, boundary, mergePatchPairs 5°] 2t} blockMesh: 7] &% o

= 878 HAMS M s §9A Axpelrh. A7) BAMES A 32 54
o7 A48 5 gu F B edgeE cell NFE NAFT = Jod, HHHo] 8
N PRkl @73 (prism, wedge):= RHE & Ut} whebA AREAE ks F3S 4

zto]l 719 =] 9Al blockMeshDict 39S ZHAd & of3ht},
7} blockS local coordinate system< 7}A a1 Qth 0 ZAAHL 7]F0=2 0
A ]7(

]
A

A1 A HEES axisl(al), 1WA 2 24 H93FS axis2(a2), 094 4
H X" kS axis3(al3)ez2 Aol ©rh I194-2% blockd] 7 X H 9 &
vERATH

4.1.2.1 convertToMeters
convertToMeterst= ZAAF9] scales YERHT Hste A4S AxA7]d walA
blockMeshE WET =559 mme$ Y blockMeshE W=+ 719 =+ o3
Fdgu s

convertToMeters 0.001;

0

1

al

18 4-2. blocke] 7+ HTAH H F
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4.1.2.2 vertices
71249 §0A blocke 93 x, v, z FEE o7 89 HAH| lojokg
o} Dict¥do yEe HA-HL SAdZE OHFYH 7THo= HJo7h Hr.
a94-29] blocks AZEW tha¥ i, 9 AMAZE O HAA, wpA g Fo] 7
W A Ho] Hrh,

vertices

(
(000)
(100)
(110)
(010)
(001)
(101)
(111)
(011)

N

4.1.2.3 edges
Aol #AHE ARG edged Aol A
A

4 AA e e e

o

A 4

2]
polyLine, polySpline®] <)t}
arct T A4S doz AAT u o] A=
& xyHHe] 000 0 0)F 1(2 0 00 arc® 94 & = o] Ay= (11 009

FIEREES dHeloF Fht

Y

Edges
(

arc 02 (110
);

4.1.2.4 blocks
slhe] blocks A9sl7] 98- & blocks o|F+ XA FWFHRZ cell /M,
7} BAHAM cell BPEE EHA 0@ Arh shte] §AA(hex) blocke 473
S 93 o e g

o

blocks
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hex (01234567 (10 10 10) simpleGrading (1 2 3)
)

WA block®] FHFet 1o v BAHES Uddth SHAE w7 A=
8709 HAHES &= E Ydstd Fr} blocke] F/FolE hex, wedge, prism
= oy EHI 9o o e AHEE OpenFOAMAZR  =r] Q9
etc/cellModels 7S dojH™ &< & o Q).

oz 7 SWdo R cell s AT 4 Atk AR al, a2, a3|A]9]
NrE vebdn

nxut o & expansion ratios® EAA|o] 7+ TR A A cell WHEE AT ¢
ATk ZF edged] AlFH cell AVE §s,BH™ANAY cella7]|E Settal s

expansion ratios®] < thS 2ow Ao ¥}

1)
Expansionratio = 5—6
S

upebA] ko]l 10]9H celle] A717F dAstar 18T 2t &4 1Ho A A%
Aol cello] WX HT

T3l expansion ratioso+ simpleGrading®} edgeGrading & 747} d+=d #
2= 3719 Fo 483t Aolal A= 279 edge VY expansion ratios 4

&ot= Aot} metA] SHA| A uf edgeGradingS v o] Aoghry,
EdgeGrading (1 23422221111)

4.1.2.5 boundary
OpenFOAMeI A= ARpellA BAZAE = & AT 99 HEA = patchebil
B2, gebd AAZRAS F7] 993 BE patchES boundaryel Aeojs] Fofof
stt}, olg A AHolE patchE2 0¥ =199 field values(U, p, turbulence)ol A =
713 2 AARAS AT 4 o

stue] patche™ °©l&, type, faces® XE33sh= FHZ Yepdlrt. o] 52 AMEA7L
AsHE ol ES S Ha, ppelt 1RHOR ST 5 UE ATl U
patch, wall, symmetryPlane, empty, wedge, cyclic, processor’} Ut} Z+z}He]

o
typeo] 3 HEEL OpenFOAM UserGuide-5.2 ©ehs #a13}7] P‘j&‘jr
facest™ 3t4+e] patch7}t LE3h= WES HAHER Ueidd A =, 39
He e HER Fol dEhda, WS blockd WA SRR e HE
normal W&o 2 P& LEE HHoE HAHES vEhYE Hnh



a9 4-2004 9ZF%WS inleto] @i o] 59 patch® Fojstd v gt

boundary

(

inlet
{ type patch;
faces
( (047 3) )
}

);

4714 (047 3 (4 73 0oz Jeh)= Faich
boundary®l] Aol HA & WEL 5T defaultFaces#+= ©] &9 patch7l HH
type< empty® 4ot}

4.1.2.6 mergePatchPairs
g 7l olde] blocks WHE Wl AR&SkE 719)=co|w face matching® face
merging®] 7]5°] 3l
face matchinge + 709 block®] #& HAHES 7MIA1 Je HES FH4 4
A5 0 2 internal face@ <143k},
face merging= F 709 blockel A% patchollA A= merge A
master, slaveZ 9] slave patch& master patcholl ¥ A|A uwAtst= HS
internal® ohd & external® H}Fo] =t
HelA A 7]191=E blockMeshDict QFtell Aelall i1 DictodS A AH
54 9Ao 7tAT 2 F ‘blockMesh’E Hu| oA 2383 blockMesh 23}

i
(o]
=
o
j=n
il
i

4.1.3 surfaceFeatureExtractDict
surfaceFeatureExtract fr22lEl& ©o]&3A] stl 7l 2= feature lines F=
g 4= 9t} snappyHexMesh& YHEW feature lines ©|&3tH F4S v 7153}

A FdE 4= A=, snappyste= I Fol castelate @AM feature lined] U
+ blockMesh®] cell&5& #3Hrefine)stAl ©t}. feature line2 stlgdS 7|Hko
2 FEF3. o EE9] surfaceFeatureExtractDicterol]l &= the-3} o] AHojx o] g
1=

flange.stl

{

extractionMethod extractFromSurface;
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extractFromSurfaceCoeffs
{ includedAngle 150; }
writeObj yes;

o]= flange.stlo]gh+= FYS 7FA] 3L includedAngleo] 0~180%(Z}e] Z4=F 4

< lines Yo £hHe 7H& AASHH  feature lines R0 Tt
surfaceFeatureExtractDict 3¥ S system &T <Foll XA & EH|E o A
‘surfaceFeatureExtract’E 283l <stlo]F>.eMesh(o], flange.eMesh)3} o]
a2l

constant/triSurface =t} <tol] A

4.1.4 snappyHexMeshDict
snappyHexMesh+= stldtd-& 7|ito g 3= 374% S A Zﬂux}o]‘:}. e EHE
AstH 3GAE AA Aoz AAE THEo] FA H 27t castellatedMesh,
snap, addLayers= ™8 % o]3)
snappyHexMeshDict 39S FA%= 7|¥9=E 19 4-39] YeERIT.

Keyword Description Example
castellatedMesh Create the castellated mesh? true/false
snap Do the surface snapping stage? true/false
doLayers Add surface layers? trueffalse
mergeTolerance Merge tolerance as fraction of bounding box 1e-06

of initial mesh

debug Controls writing of intermediate meshes and
screen printing
— Write final mesh only
— Write intermediate meshes
— Write volScalarField with cellLevel for
post-processing
— Write current intersections as .obj files

BrREO

geometry Sub-dictionary of all surface geometry used

castellatedMeshContro Sub-dictionary of controls for castellated mesh
Is

snapControls Sub-dictionary of controls for surface snapping

addLayersControls Sub-dictionary of controls for layer addition

meshQualityControls  Sub-dictionary of controls for mesh quality

19 4-3. snappyHexMesh® 8 7|9 =

—

M4 snappyHexMesh FEIZIEE Adstr] o Ay TAZ geometryIAR
sti(stereolithography)S 574 {1 X 7FAt} FojoF 3t A&7} sl 3
Tw|el F7)o] 2= blockMesh$t stlgAte] 2= feature lined HhEo] Fojof

7
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t}. blockMeshE WS u] Fo]d A& blocko] stl AL E3Ha= 7]olojof &
™ block?] cellSo] Hol® shuete stl Wi} wxpsls A%

A FR7E 1o 2R el FeA Ax FEAdd =

M A snappyHexMesh:= 37H4] ©@AZ s 4 J=d 7+ @A A8 o5 A

Azt =, astellatedmesh snap¥} addLayers @A E true/false® 218 3gtt},
2oz 323 7|95 7 4-39 #& SAE A8 =9 oy 719
== ;‘i@é‘}% -8 A ES OpenFOAM tutorials ol

snappyHexMeshDict 3 zto} Hojwwl Ay} st/ AlgE e AA= A

sta glod] Fue 4 9

4.1.4.1 geometry
snappyHexMeshDict F&oA A3} B Hregions ﬂ-o/]ﬂ% Fitolth, AxtE vk

= W AFEShE PR stldd S geometrytel el HTh o] vie] AREA}
7F 5 Ul AxtE o 2EekAl 7 RkaLR) sk l"%l"ﬁ:% region® 2 A 3| A
refineS & 4 AUt} refined snappy HA Fo| castellatedstsE Zgo =

blockMesh 2] cell*‘—:—g% Basl= A4S @elth, 28 4-49) refine leveld] W&
celle] &% EH5E UeESIH
52 geometrys A2 3 oo|t},

geometry
{
<case>.stl // STL filename
{
type triSurfaceMesh;
name <case—-wall>; // patch name
}
<case>.stl
{
type triSurfaceMesh;
regions { <region_name> {name <case-wall>;} }
}
box
{
type searchableBox;
min (1.5 1 -0.5);
max (3.5 2 0.5);
}
I8
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snappyMeshol] AF&E &= stlgtd S Aolsl= WHS A= triSurface ¢Hol U=

R AA Lo
stl 4] o]&8 HF 1 a5 7|Y9 =9 typed} names AAEH nameo] A A

o]Zo0o] patch’} i patch typeeo] wall2 AAo] Ht} typed 7]HZFo=w
triSurfaceMeshE  AF&3ld L3 A o] Hhol] £-5o] 2 stlo]d
distributedTriSurfaceMesh& AF&3 4 Udtt ofdd WHo R o 79| stiFd&
A FE don, stlgpdo] spibe] o] ofd ofg WO o]Fojx] QoW 7}

7+l HES WE regions® o] EvF AHosFH ).

lewvell lewvel1 level?

19 4-4. refine level

Fogel tiek g7} #11H geometry Ol EAHAYG S EF regiono® A AT
T Ath 194-50] yvEpdutel o] wjgr] ael e SwggoR ¥ FiEs
o] JEJ R regions AT ¢ o, WS region? ol

I oe gk JEds 2o 7 "k

region®] AFEE 4 = typeolli= searchableBox, searchableCylinder,
searchablePlane, searchablePlate, searchableSphere o At
searchableBox®] 7-5- SHAY HAH F/E min, max® Ao & F o,
searchableCylinder+ + ¥} W4 (radius)S A stH #roh

| |

19 4-5. refinement region
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4.1.4.2 castellatedMesh
castellatex= blcokMeshE refinedls= A O = feature line, surface, regions
=AY Z refine 3HA ). refine level Af-FA A7l 7Fs3HY, refines 3

d= 19 4-49} o CastellatedMeshControlsel] &°]7}+= W& 933 &
=3

maxLocalCells 20000000;

WHE snappyMeshE & o dte] IZo|df X HM cell

maxGlobalCells 30000000;

snappyMesh& ¥ W A celld ol

minRefinementCells 10;

refines 3okst= AR 71F AL /5. refines doF st AR 7 7FE
# B} FoW refineS A &=l

nCellsBetweenLevels 3;

refinelevel®] Th& w] 1 Alolo] o7t Axle 4=

features

(

{ file "Body.eMesh"; level 7; }
)

refineg 3joF & feature lined &= Z} refine levelE A3}
<case>.eMesh 34 & constant/triSurface £ <t Ut}

refinementSurfaces
{

body { level (6 6); }
)

refines dof & WEQ E=3 Z refine level® min, max #& A9 o A
A min level2 refineg 3}il, WE©| AA}3F= Zbo]  resolveFeatureAngledl A
Aolg Z+ B} 39 max level2 refined 3o

resolveFeatureAngle 30;

refinementRegions
{

refineBox
{

mode inside;
levels ((1E15 3));

}
geometryol A AeoJslt §oeo
distance”’} o™ zZ+zF A

7)
FAlE shal region®] WH

9] refine leveld A3}, moded] & inside, outside,
29} level® A9 3}, inside$t outsider= A# e
5!

QR J AL refinedtt}. distance: region®] ol A]
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A olst Ag7}A] refines 3Sht},
locationInMesh (1 0 0);
Fge WF e F F oy AxE wEAE EJE FHEE AHYsth oF
o] gl AxE whEHH 4FF doe x2 RS,
features, surface® AF&AZE st A7l FELCE refines
locationInMeshell A A olgt FHo] Axrs F7]al Wi FFo] A= AHA
3l & regions refinedtt},

allowFreeStandingZoneFaces true;
184-62 7re3l airfoilS 7FA| a1 snappyHexmesh@] castellatedMesh7} €+

AXE BAFaL 9l

7138 4-6. castellatedMesh Z =}

4.1.4.3 snap
castellated ¥ AALe] HAH ARES F49 HEZ o|5A7|&= FAS o
2 FYPsA Yol FAAS 2 AAE v=E Aot Snape] AT = 959
meshQuality®] 7] gtell 33t A& B WA ow cells nuyrby A&
S g,

nSmoothPatch 3;

AA B AANRE HAE HEY ARAE ALty AT HEANY 35
tolerance 1.0;

AA B AR FAZE HEY A AXG AA B o] AdAY v&
nSolvelter 10;

meshdisplacementrelaxation¥tE- A AL 3] 4=

nRelaxIter 5;



snappingrelaxation® o] ¥EA 4L 35
nFeatureSnaplter 5;
featurelinesnapping¥+&- A At 3=
implicitFeatureSnap false;

snapping%°l feature lineS ZolA YL 43
explicitFeatureSnap true;

.eMesh¥ ¥ 2 ZHE 3
multiRegionFeatureSnap true;

o WA feature lined FE=t}.

19 4-7& airfoild] castellatedMesh®} snapo] &A% AAES HolFa 9t}

RRESHIEE

19 4-7. snap AAF

4.1.4.4 addLayers
AFE2}7F D3k patch W(geometryoll Al A 2])oll &
ATt AATE Hell Ao AxE WY #4 WEFoRE & ol
299 meshQualitys 134 7]Eoll F-3tetes AAE vHE2Rl AYgo= whEo

Edas

relativeSizes false;//true;

BASE AQdte PHoE AdEd ddigez ARFE = Yo Al E(true)
patch "olA Az 3719 oA 72 BASE AYshd, ddizt(false)S A
|27 ERZA L FAR AASTE AYsty @9 vE@m)o|t
layers

{

body
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{ nSurfaceLayers 5; }
}
AH&A7F At patchell R WY BASE A9 EAE FYI+
expansionRatio 1.0;
Hol x| "ol BAZY 7/ v&s A
firstLayerThickness 0.3;
patch@el QAT AAFTY FAE A9 . A& =9 ZAAFTS U=
firstLayerThickness=0.3°]" patch® A ¢ ZAx37]9] 30% F7AY A HA ZA
o] A€o

Lo
ok
kY

19 4-8. addLayers Z A}

AASE expansionRatio®HirstLayerThicknesse] Z3to = AFdo] o] Fojxt},
o] o] %= expansionRatio®HinalLayerThickness, thickness®} firstLayerThickne
-ss, thickness®} finalLayerThickness®] 2@ 2% AAIS Aol 7Hs3it

minThickness 0.25;

AA BAZFY 5 FA. o] FA B gk AAFTES WEoX A &=t
nGrow 0; //1;

featureAngle 60;

of7]e g Zo A FAF A4S FAFET
nRelaxlter 5;

snappingRelaxation& o ¥HEA4l 34
nSmoothSurfaceNormals 1;

W =3 W o 79 ¥QE smoothing ¥HEAAL
nSmoothNormals 3;

Wi BF A9 smoothing ¥HEA A &
nSmoothThickness 10;
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AAZF 579 smoothing ¥rEA M

maxFaceThicknessRatio 0.5;

warped¥ cell& AY3tH, 7|Eqe] FFsHA 2ol FASE AYsA d=h
maxThicknessToMedialRatio 0.3;

BAS FA9 WollA medial axis7hA¢] A HlEo] AAF #F BRY 2 A
T TAE &

minMedianAxisAngle 90;

Hol A "olW ARE o] FAIZ 9] medial axisE AT v AL &= 7
nLayerlter 50;

BAAS AYE A HEAMN 35 A HEAML FANE FHA AR AA
o] ¢t=ld w9 HHEA it AYF AAZFToE AAE wE Fuh
4.1.4.5 meshQuality
meshQuality+ snappyMesh& 3t #AollA AALe] =1 AL 7]Fo] He= F
Folt}, Ax A= @AM snapF layer A Al o] 7|ES W= A E
golstia A wkEHol g or AxE wrEo Foh I V|FERE celld EFH#L
orthogonal, skewness &% © oW 7|& U= F4 |lo] AREsHd H
w3 FHy Axrt wEolW & ‘checkMesh’ FEHE R Azt A5 Fele 4

om, o) W Ax Ao WA FFORE Aol Bk,

maxNonOrtho 65;
maxBoundarySkewness 20;
maxInternalSkewness 4;
maxConcave 80;

minVol le-13;
minTetQuality le-15;
minArea —1;

minTwist 0.02;
minDeterminant 0.001;
minFaceWeight 0.05;
minVolRatio 0.01;
minTriangleTwist —1;
relaxed

{ maxNonOrtho  75; }
nSmoothScale 4;
errorReduction 0.75;
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4.2 paraFoam

4.2.1 Paraview
Paraview: "3F Sandia T HATLoA /et 7] FAg TRaRo g A
OpenFOAM<E AA|g o] AbFo=m HAE 4 vt A2E theWol A& o=
OpenFOAM W7ol BH= Thirdpartys Tthewrel ok sfFw frk 2014.09€
7150 &2 ParaView—4.10] 218 d o]t}
Paraviewt VTK(visualization toolkit) ¥ o & do]g & A ]3lt}. OpenFOAM
< foamToVTK FEeEE AHEA a4 235 VIK Lo WA 5 3l
ok E3H paraviews OpenFOAM #|AZA#E AH Eels + o o AH&
st T2 E 7} paraFoame|th. a4l A7t = AAelA Hud Z
paraFoam% AH3tA ‘<case>.OpenFOAM' o|&+= o5 714
s ABREA =2l Al Frh. OpenFOAM &4 A3sE &
HSS <case>.foamo]g}+= HLULS WES| paraview=
AaE gRlIst 4 3l

(1

i go L

o
3l

d

=
1947 F B

>
o2

4.2.2 GUIY T4
Paraview GUIY 4 3HE 29 4-99] Y}
GUI= AA 4522 o] B Wk =xi1o] YeERf & H&2 toolbar7} &

L

o] 9] HHolt}. o 7] A contoury streamline, vector, cutting plane & %% €]
2dS 91 ofolFol Jow, FhHet A% - P A stazt sk A Ay

9] time directory(dl, 0.1 £+ 10000299 Ae3} e ALE WIE7} L2 olo]

TE= BYs =& Lotk

2o R FAIE 99L Pipeline Browser® paraviewoll A 2159 a4 case %

A4 A F9 7lss FAIE ok

3 992 Properties®} Informations YERH=U AFER7F 428l E sFaixl &

= g9 9 field values(£%x, o4&, U7, 25 55)9 ME dHolgY 7l¥¥ b

18 2 999 AHE gl & ﬁl‘jr.

42 AR AAFske HlolHE A or #91E 4 gl display #olth

Display ol A+= camera undo, view settingse & & o, S o8 =

LA oy ZAYE Al Md & % 9tk Display@elA wp9-2 52 o

w3 Zoh e AEMES 3, AHES oF, SEE HES g9 2 S4

752 Jh

;

o

2 do|M+= OpenFOAMo] Ax] #H Z9 oto] Q& oA 3LSl pitzDaily(
$WM_PROJECT_DIR/tutorials/incompressible/simpleFoam/pitzDaily) S ©]83}]
Tt om A WHe guld Ao tS3 o] fJHshd Hoh
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cp —r $FOAM_TUTORIALS/incompressible/simpleFoam/pitzDaily $FOAM_RUN
cd $FOAM_RUN/pitzDaily

blockMesh

simpleFoam

paraFoam

A =& pitzDaily AS FOAM_RUN Z0Z HAlsls ®eo] oln, F HAg =
= BAbel2 EHE olEshs WHololth. olF ¥ blockMesh® AAE RbEL
simpleFoam &£W=Z A& FhstH HAr}, vpX]9 & Paraviews 2 3s=

EE e

pEBEowad 28 KAA> BB wmfEn v 1
B & = (oo ) e el B % i dais Be
SO RERe O 20% [10® w0

Pipeline Browser @ | Layout #1x [+ |
H builtin: 2 BOW oS0 BN e EERD

pitzDaily.OpanFOAM

| Properties | ion |

Properties

Sappy | omeet | gpeete |

[‘;earnh (use Esc to clear text)

| dp Properties (pitzDaily.OpenFOAM)

[ % pisplay

19 4-9. Paraview

4.2.3 Pipeline Browser

Pipeline Browseri= AFgA}7}F B8] E59 <case>.OpenFOAM, <case>.foam I}+<

9 AYse WEe melEth THS 459 FEE Holgm BAA ole %L
e FolM Belgeld Agshs A% bsetth Fol molE BolA g% 1

1=
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Ar
fd
o2
Lo
Iz
rim
o
fr
2
w
o
&
<
oN
o
>
ol
ot
Bjie
fu
[o

Pipeline Browser &=
T
B builtin:
@ -0 pitzDaily.OpenFOAM
& Glyphl
@ - Clipl
@ ¥ Contourl
pitzDaily.OpenFOAM
1% 4-10. Pipeline Browser
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19 4-17. Glyph
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